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PREFACE 

This is the Final Engineering Report for the TIROS 11 Meteorological Satellite System, 
which was developed by Astro-Electronics Division of the Radio Corporation of America 
for the National Aeronautics and Space Administration. The Report is issued in 
accordance with the requirements of NASA Contract No. NAS5-478. 

This Report provides technical descriptions of the design improvements and the additions 
made to the TIROS satellites and ground stations in preparing them for use in the TIROS I1 
Meteorological Program; describes the various system and subsystem tests, and the 
environmental tests;  and describes the prelaunch and launch phase activities at the TIROS 
ground stations. The post-launch operations and an evaluation of the performance of the 
TIROS I1 satellite will be presented in a TIROS I1 Post-Launch Evaluation Report. 

The background of the TIROS project is discussed in  the "Final Comprehensive Technical 
Report, TIROS I Meteorological Satellite System. 
for the TIROS I Meteorological Satellite System contains detailed discussions of the 
evaluation results. These results led to the design improvements which were subsequently 
incorporated in the TIROS I1 satellites and ground stations. 

The "Post-Launch Evaluation Report" 
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PART 1 

PART 1. INTRODUCTION 

The TIROS I1 Meteorological Satellite System was the second in the series of TIROS 
programs. On November 23, 1960, the TIROS II satellite was launched and injected into 
a nearly circular orbit, having an apogee of 453 statute miles, a perigee of 387 statute 
miles, and a calculated eccentricity of 0.007. 

The TIROS I1 program was commenced in May 1960 . During the comparatively short 
time schedule (May 1960 until the date of launch), it  was RCA's task to: (1) make rec- 
ommendations for design improvements based on the TIROS I evaluation program; 
(2) incorporate the significant design improvements into the TIROS 11 satellite system; 
(3) integrate the NASA IR experiment into the satellite and ground station equipment; 
(4) provide for attitude control of the TIROS satellite; (5) develop a means to minimize 
the increase in satellite weight resulting from the addition of the IR experiment; and 
(6) modify and regroup the ground station equipment, which had been installed Kaena 
Point, Hawaii, CDA station, so that it would be suitable for the split-site environment 
of the Pacific Missile Range. 

Four satellites, three flight models and one prototype, were available for the TIROS I1 
endeavor. The satellite design improvements and equipment additions were proven by 
extensive high-level (approximately three times the anticipated level of the launch and 
orbit environment) testing of the prototype satellite. The compatibility of the satellites 
and the TIROS I1 ground stations was also proven using the TIROS prototype satellite. 
The "proven" desigri changes and additions were incorporated in the flight model satellites 

Since the ability of the TIROS satellites to withstand an environment, which was even 
more severe than the actual launch and orbit environment, was proven by high-level 
testing of the prototype satellite, the test level for the flight model satellites was limited 
to the predicted flight-level environment. This basic tes t  philosophy proved to be valid 
in  that both the TIROS I and TIROS I1 satellites were successful. 

The design modifications and additions to the satellite and ground stations, the various 
test  phases, and the launch and orbit considerations a r e  contained in the main body of 
this report. Data pertaining to the command frequencies, the programming sequences, and 
the tests performed to ensure successful orbital operation of the TIROS I1 satellite a r e  
contained in the Classified Supplement to this report. 

L I- 1 



Background data for the TIROS projects and detailed descriptions of the "unchanged" 
TIROS components a re  presented in  the "Final Comprehensive Technical Report, TIROS I 
Meteorological Satellite System. ' I  Because of the frequent references to that report, it 
is referred to simply as the TIROS I Final Report. A description of the evaluation program 
and the evaluation results that led to the design improvements, which were  incorporated 
into TIROS 11, is presented in the "Post-Labnch Evaluation Report'' for the TIROS I 
Meteorological Satellite System. 
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PART 2, SECTION I 

PART 2. DEVELOPMENT AND DESIGN 
SECTION 1. LAUNCH AND ORBIT CONSIDERATIONS 

A. INTRODUCTION 

The TIROS I1 launch and orbit considerations included studies to: 

(1) determine the attitude required to ensure reliable operation of the satellitess 
subsystems ; 

(2) determine the optimum time for launch; 

(3) determine the attitude control sequences that would provide the optimum path 
for photocoverage; 

(4) establish a basis for determining the operational sequence (remote or direct, 
TV system 1 o r  2), the "start-time" of the sequence, and the duration of the 
sequence required to ensure complete photocoverage of a selected area;  and 

(5) develop video and communications traffic estimates. 

Since the satellite-to-ground contract time has a direct affect on the selection of operational 
sequences and on traffic estimates, predictions of this contact-time were included as  part 
of the launch and orbit considerations. 

B. PREDICTED SPIN-AXIS PATH 
The addition of the attitude control coil to the TIROS I1 satellite afforded a means of con- 
trolling the path of the satellite's spin axis. By use of this control, RCA proposed to ensure 
optimum operation of the satellite's subsystems by maintaining a favorable sun angle. 
A f t e r  initial studies indicated that the sun angle would have to be held either between 20 and 
35 degrees, or between 55 and 70 degrees*, RCA conducted detailed studies to determine 
the time at which attitude control would be required, as  well as to determine the duration 
of the control sequences. 

The attitude control program that resulted from the studies called for the first attitude con- 
trol  sequence to be commenced on the 14th day after launch. (No attitude control sequences 
were planned for the first two weeks in order to provide the opportunity for engineering 
personnel to compare the theoretical model with the observed behavior of the satellite's 

*The upper and lower sun-angle limits were established to ensure optimum thermal per- 
formance and optimum operation of the TV and power supply subsystems. The 35- to 55- 
degree range of sun-angles was excluded from normal operation to prevent the IR sensors 
f rom being damaged by prolonged exposure to the sun. 



PART 2, SECTION I 

spin axis.) It was planned that, on the 14th day, the current required to guide the spin 
axis to and along the optimum path for photocoverage would be programmed into the attitude 
control coil. 

Between the 14th day and the 35th day in  orbit, the picture quality was expected to improve 
steadily without any further need for attitude control sequences. After the 35th day, the 
satellite's cameras were expected to look nearly straight down at a well illuminated area on 
the earth's surface. It was anticipated that only slight variations in the planned attitude 
control program would be required to compensate for differences in the satellite's orbital 
attitude throughout t@e entire range of possible launch times. 

The path of the satellite's spin axis was predicted for the earliest, the mean, and the latest 
launch times of the launch interval. The predicted path for each launch time included the 
following: 

(1) declination versus right ascension of the spin axis, with time in days after 
the first normal point marked on the curve for significant dates ( the optimum 
path of the spin axis and the path of the sun also a re  shown on the same sheet); 

(2) percent of orbit in the sun, including angle between the spin axis and the 
vector to the sun and the minimum angle between the lower end of the spin 
axis and the local vertical at the satellite (called "minimum nadir angle"); 

(3) declination of the spin axis versus days from first normal point; and 

(4) right ascension of the spin axis versus  days from first normal point. 

The equations used for predicting the path of the satellites spin-axis a re  presented in 
Appendix A. These equations were solved using the RCA 501 computer. 

The predicted path of the spin axis for the mean launch time is shown in Figure 1. The 
position of the normal point of the injection orbit is approximately 21.5 degrees North 
declination, 288 degrees right ascension. This point is marked with an X, and is  dated 
"zero." For the first 14 days, the spin axis moves North and North-Northwest with no 
controlled moment applied. A maximum negative moment is then applied by means of the 
attitude control coil to precess the spin axis rapidly Southward, bringing the sun angle very 
quickly from 64 degrees to 32 degrees, and the declination of the normal point from 33 de- 
grees North to ll degrees South. 

After the 20th day in orbit, a small negative moment is applied. This moment is increased 
on the 45th day, causing the spin axis to pass rapidly through the undesirable sun-angle 
range of 35 to 55 degrees (the range in which the IR sensors ''look" at the sun), while still 
following the optimum photographic path. This. 45th day attitude control sequence results 
in a slow increase of the sun angle to 19 degrees and then a rapid increase to 63 degrees, 
while the nadir angle drops to zero and then rises to 12 degrees on the 53rd day. A small 
positive moment is applied in order to maintain the minimum nadir angle between zero and 
12 degrees until the 70th day after launch. The maximum negative moment is  applied for  
three days to decrease the sun angle rapidly from 65 to 33 degrees. After slow Southward 
motion for two days, the full negative moment is again commanded for three days (to the 

1-2 
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79th day); during which time the sun angle decreases from 24 degrees to 5 degrees and 
then returns to 16 degrees. On the 79th day, the moment is decreased to a small negative 
value for three additional days, and then is turned off altogether through the 90th day. 
From the 82nd to 90th days, the minimum nadir value increases slowly to 13 degrees and 
the sun angle remains between 15 and 25 degrees. 

Similar projections were made for the initial and final times of the launching period, and 
the results were plotted in the same way. In the case of the earliest launch time, the same 
attitude control sequences were followed with the exception that the torquing current which 
had been commanded on the 14th day, was changed on the 21st day rather than on the 20th 
day. In the case of the latest launch time the pattern was the same except that the attitude 
control sequence, which had been initiated on the 14th day, was terminated on the 19th day. 
The predicted spin-axis path for the earliest and latest launch times was similar to that 
predicted for the median launch time. 

Figure 25is a vector field graph for declination and difference in right ascension between 
the spin axis and the ascending node of the orbit. A t  each point, the line radiating from 
the point shows the inertial azimuth along which a positive impressed magnetic moment 
will cause the spin axis to move. Effects of differential gravity torque a re  not included. 
Therefore, the l ines  showing a direction of motion for the spin axis are valid only as ap- 
proximate flowlines, and only for relatively large applied dipole moments. For small 
moments, differential gravity can cause drift transverse to the torquing direction indicated 
by the lines on the graph. 

C. CALCULATION OF TIME OF LAUNCH 

Time of launch is directly specified by A 4, the angle in right ascension from the normal 
point to the subsolar point, which in turn is directly dependent upon the location of the sun 
and the desired sun angle ( a ). Due to the presence of the I-R experiment, it was desir- 
able to prevent a sun angle between 39 and 51 degrees. It was also desirable, due to power 
considerations, to keep the sun angle between 20 and 70 degrees. Since the normal point 
initially would be about a declination of 20 degrees north and the declination of the sun on 
the proposed date of launch (November 22, 1960) would be about 20 degrees south, a sun 
angle of less than 35 degrees could not be obtained. The initial sun angle was, therefore, 
chosen as 65 55 degrees with the longitude of the spin axis east of the sun's longitude. 
This choice of orbit was made so that the sun angle would remain between 51 and 70 degrees 
for the first 14 days after launch without the aid of ground-station initiated attitude control 
sequences. For the values of th,e sun angle chosen, the time of launch had to be 11432 
- + 30 minutes o r  6:43 A.M. EST - + 30 minutes. 

Although the preceding values for declination, sun-angle, and etc. were computed using 
November 22, 1960 as the launch date, the effect of the one-day delay of launch was con- 
sidered negligible. Therefore, the computed values were considered valid for the No- 
vember 23, 1960 launch date, 

D This i l l u s h i o n  is printed on a foldout page located at the rear of this Section. 
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D. CONTACT TIME BETWEEN THE SATELLITE AND GROUND STATIONS 

The time available for contact between the orbiting TIROS I1 satellite and each CDA station 
was a vitally important system-design consideration. This contact time had to be of suf- 
ficient duration to allow the satellite to be programmed for remote operation, to playback 
recorded data, and to take T V  pictures for direct transmission to the interrogating ground 
station. 

The contact time per orbit and the number of orbits which could be contacted each day 
were functions of such orbital parameters as  altitude, inclination, eccentricity, and lon- 
gitude of ascending node; and of such ground station parameters as the latitude and longitude 
of the site, and the minimum antenna-elevation angle at which contact could be efficiently 
provided. To facilitate the determination of the contact time for a specific orbit, ground 
station "field-of-view" curves and a curve of the satellite's orbital trace over the rotating 
earth were plotted. The "field-of-view" curve defined the area within which the satellite 
could be contacted by the associated ground station. This curve, a small circle, was 
plotted on a Mercator map projection. The orbital trace was plotted on a tracing-paper 
overlay using the map grid for coordinates. This overlay was then calibrated either in de- 
grees of t r u e  anomaly, o r  in minutes of flight time from the ascending node of the orbit. 
Figure 35shows the "field-of-view" curves and elevation contours of each CDA station, as 
well as the orbital-trace limits within which the satellite could be contacted. 

To determine the contact time, the orbital trace overlay was placed over the map con- 
taining the "field-of-view" curve, and the ascending node was aligned with the desired lon- 
gitude., The contact time, or arc ,  was then read off a s  the distance between the inter - 
sections of the orbit trace with each field-of-view curve, and tabulated so that it could later 
be plotted against longitude. The ascending node was sequentially moved from one longitude 
to the next, with the contract time being tabulated at each longitude. This semi-graphical 
process was both fast and convenient for the circular orbit of the TIROS I1 satellite. 

For the same basic orbit, the shape of the contact-time curves was a function of the lat- 
itude and the minimum antenna elevation of each ground station. If the location of a ground 
station is such that some of the satellite's passes a re  completely to the north of its field- 
of-view, the contact-time curve for that station is in the form of two separate humps as 
shown in Figure 4. A s  the station itself is moved Northward, the valley between the humps 
begins to fill-in and the humps move close together in longitude of ascending node. Finally, 
as the ground station location approaches and moves above the maximum latitude to which 
the satellite can travel (i. e . ,  the inclination of the orbit), the contact-time curve is re- 
duced to one hump and the area under the hump becomes less  and less .  

It must be noted that the period of usefulness of the PMR station overlaps with the useful 
period of the Fort  Monmouth station. Such overlap could have been avoided by a different 
selection of ground station sites. A different selection of sites would also have increased 
the number of orbits which could have been contacted in any given day. 

The number of orbits which could be contacted pe r  day with the PMR-Fort Monmouth com- 
bination of stations was 8 to 9. The useful duration of these contacts averaged 9 to 10 
minutes; this was ample time for direct, playback, and clock set functions whenever they 
5 This illustration is printed on a foldout page located at the rear of this Section. 
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Figure 4. Satellite-to-Ground Contact Time 

were required simultaneously. If the satellite system was limited in duty cycle due to 
insufficient solar input, programming could be reduced to the necessary level, if not, a 
generous contact capability was assured. 

E. ACCESSIBILITY O F  VARIOUS GROUND AREAS FOR REMOTE PICTURE-TAKING 

One of the more interesting facets of the photocoverage prediction problem was the de- 
termination of the ground areas which would be seen by the satellite. The Mercator world 
map illustrated in Figure 3 also shows coverage zone boundaries. The nearly circular 
contours about each ground station show the minimum duration of contact which a satellite 
would have with that ground station if the subsatellite orbital trace passed tangent to o r  
within the contour. Direct contact, (i. e.,  direct and immediate transmission to the ground 
station of TV pictures not stored within the satellite) was possible whenever the subsatellite 
point fell within the 0 minute contour. 
Figure 3, was a sinewave-like curve centered on the equator. 
the equator, called the ascending node, could occurr at any longitude. The zone boundaries 
shown as dashed lines are segments of orbital traces. 
movable clear orbit track overlay were furnished to each gorund station and TIROS Tech- 
nical Center, and were used as prediction and programming tools). 

The typical subsatellite orbital trace as shown in 
Its northbound crossing of 

(A similar but larger map and a 
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The accessibility of ground area for photocoverage depended upon the number of passes 
that the satellite made over the area in question and the time that had elapsed since the 
satellite last passed over a ground station. The remote program delay clock in the sat- 
ellite had a maximum delay of approximately 5 hours. Therefore, the beginning of remote 
coverage could be delayed up to 5 hours after the passage of the satellite over a ground 
station where the clock was set  and started. 

If the ascending node of an orbit occured at Longitude 280 degrees East (80 degrees West 
Longitude), that orbit would be the first of the daily sequence of orbits contacted by the 
ground stations. The Fort  Monmouth ground station could program the cameras to take 
pictures somewhere on the orbit before the next ground contact. Remote pictures could be 
taken over the North Atlantic, Europe, etc. , wherever illumination and attitude permitted, 
until the satellite re-entered the Fort Monmouth photocoverage circle. 

For certain ascending node longitudes, the orbit would pass between the coverage circles 
without contacting either station. Therefore, remote pictures could not be taken once per 
orbit in the zones visible to the satellite along that part of its path, but rather once in  the 
entire two (or more) orbit periods. This was  defined as low availability for the direction 
noted. Thus, there was a much longer interval (4 or  5 orbits) between the last orbit con- 
tacted by the PMR station in each daily sequence of contacts and the first orbit contacted 
by Fort  Monmouth on the following day. The clock could initiate the remote sequence only 
during the first 5 hours of this gap. Therefore, certain areas of the earth's surface were 
not available at all in a particular direction of travel. Two small areas, one near 49 de- 
grees South Latitude at 200 degrees East Longitude (160 degrees West Longitude), could 
not be passed over by the satellite taking remote-mode pictures at any time. This loss of 
coverage was not a serious limitation, especially since the wide-angle camera often could 
see the horizon, up to 24 degrees of a r c  away from the subsatellite point. The orbit in- 
clination and the distortion and illumination criteria, as already discussed, were the 
primary limitations to photgraphic coverage. 

F. ACTUAL ORBIT ACHIEVED 

The final objectives for  the TIROS I1 orbit were: circular orbit; altitude 437.4  statute miles; 
inclination 48 .33  degrees; payload verticality at 21 .51  degrees North Latitude and 42.51 
degrees East longitude (281.76 degrees right ascension) for launch at 11132 (6:13 A.M. 
EST). 
titude of 453 statute miles, and an inclination of 48.53  degrees. The normal point was 
25' 25' North latitude and 45' - f 3O East longitude (283' 5 3O right ascension) with launch 
at 11132 (6:13 A . M .  EST). 

The orbit finally achieved had an apogee altitude of 387 statute miles, perigee al- 
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PART 2, SECTION II 

SECTION II. SATELLITE COMPONENTS 

A. TV PICTURE SUBSYSTEM 
The satellite-borne portion of the TV picture subsystem consisted of two separate picture 
channels; one for a wide-angle camera and one for a narrow-angle camera. Each channel 
consisted of a TV camera, a magnetic-tape recorder, a transmitter, and associated elec- 
tronics. The system was capable of two modes of operation, direct and remote. In the 
direct mode of operation, the camera video information, in the form of frequency modula- 
tion on a subcarrier,  was applied to the transmitter for direct sequential transmission to  
the interrogating ground station. In the remote mode of operation (used for picture taking 
while the satellite-was not within communications range of a ground station) the camera 
video subcarrier was stored by the magnetic-tape recorder for later transmissisn tc the 
ground station. Sun-angle data from the north indicator was also recorded and transmitted 
with the video signals. However, this data was recorded on a different channel of the re- 
corder and was transmitted on a different subcarrier frequency. 

The basic characteristics of the narrow-angle and wide-angle camera are as follows: 

Camera Channel 

Wide Angle Narrow Angle 

Lens Angle 104' 1 2 . 7 O  
Lens Speed f / l .  5 f / l .  8 
Shutter Speed 1.5 milliseconds 1.5 milliseconds 
Lines Per Frame 500 5 00 
Vertical Sweep Duration 2 seconds 2 seconds 
Video Bandwidth 62.5 kc  62.5 kc 
Power Consumption (Average) 9 watts 9 watts 

The development, the design, and the operation of the satellite-borne portion of the TV 
picture subsystem are described in Volume I of the TIROS I Final Report (Reference 1). 
The ground station components of the TV subsystem are described elsewhere in this re- 
port. 

4 6. TELEMETRY AND TRACKING SUBSYSTEM 

1. Introduction 

The design objectives of the telemetry and tracking subsystem were  : (1) to provide a 108- 
megacycle, continuous-wave, beacon signal from the satellite to aid in the acquisition and 
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tracking of the satellite by stations of the TIROS ground complex; (2) to provide this signal 
redundantly from two beacon transmitters, thereby ensuring reliability of the system; and 
(3) t o  provide a method for telemetering satellite operational and temperature parameters 
redundantly via the beacon transmitters. 

The TIROS I1 telemetry subsystem, although very similar to the TIROS I subsystem, con- 
tained certain modifications for improving the accuracy of the telemetered data, and certain 
additions for permitting transmission of attitude control data and for accommodating changes 
which were made in the horizon-scanner circuit. 

The accuracy-improving modifications included locating temperature sensors directly on 
the satellite's electronic components, replacing certain of the TIROS I type sensors with 
expanded-scale sensors, and increasing the number of "calibration pointsIt from two to six. 

Additions included providing a means for reading out the position of the attitude control 
switch, and providing a means for applying the output of the horizon scanner directly to the 
beacon transmitter instead of first converting it to  3-kc bursts. 

2. Functional Description 

The telemetry and tracking subsystem provides two tracking beacons, one operating at 
108.00 Mc and the other operating at 108.03 Mc. Upon command from a CDA station, 
these beacons are frequency-modulated with the data to  be telemetered. This data, listed 
in Table 1, includes current and voltage levels at critical points within the satellite's 
electronic circuits, temperatures at significant locations within the satellite, and "cali- 
bration point" voItages . 
Figure 5 is a functional diagram of the telemetry and tracking subsystem. Prior  to separa- 
tion of the satellite f rom its third-stage rocket, separation switch S4 is closed, applying a 
2.5-volt d-c level to the subcarrier oscillator (SCO) section of beacon transmitter 2. This 
d-c level shifts the frequency of the SCO, nominally 1300 cps, to 1200 cps; in turn, the 
1200-cps signal frequency-modulates the 108.03-Mc beacon signal which is being trans- 
mitted to  the TIROS ground stations. When satellite separation takes place, switch S4 
opens and the SCO output returns to  1300 cps, thereby indicating to the ground stations 
that separation has occurred. 

A s  the satellite continues orbiting the earth, the analog outputs of the horizon scanner are 
applied to  the SCO in each of the two beacon transmitters. These outputs cause deviations 
in the SCO frequency and thus cause frequency modulation of the beacon transmitters*. 

When telemetry readout is commanded from the ground, switches S1A and S1B disconnect 
the horizon-scanner outputs from the two beacon transmitters and connect, in their place, 
the output of telemetry switch 1 to beacon transmitter 1 and the output of telemetry switch2 

*The horizon-scanner outputs are also applied to the SCO's prior  to separation, causing 
the output of one SCO to vary about 1300 cps and the output of the other to  vary about 
1200 cps. 
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to beacon transmitter 2. Each telemetry switch then proceeds to step through its 39 data 
sampling points before returning to its 40th or  home position. A s  the switches step through 
the data sampling points the voltage at each point is momentarily applied to the associated 
beacon transmitter. 

TEMPERATURE 
PROFILE 

CALIBRATION CRITICAL VOLTABE 
INPUTS - 7 4  '"r' iF AND CURRENT INPUTS 

TELEMETRY 

TAANSWlTTlNO 
ANTENNA 

1 sw;:lA I 
.re ct' , T R A N S M I T T E R  

I 

BEACON 

I 

s e  

t 

TELEMETRY 

ROCNET 

CRITICAL VOLTAOE 
AND CURRENT INPUTS 

- 2 . 5 V D C  
CALIBRATION 

INPUTS 

TEMPERATURE 
PROFILE 
INPUTS 

Figure 5. Telemetry and Tracking Subsystem, Functional Diagram 

The voltage at each sampling point is between -2.5 volts d-c and +2.5 volts d-c; the level 
within these limits is indicative of the current, voltage, o r  temperature at the point. 
During the period in which a switch is sampling a specific data point, the voltage at the 
point causes a shift in the SCO frequency and thereby establishes a representative FM 
component on the associated beacon carr ier .  

The first six data points to be sampled by each switch (Table 1) are "calibration points. 
By comparing the response of the beacon transmitters and the telemetry recorders to these 
"calibration points, 1 1  or  known-voltage points, operator personnel a re  able to more accurate- 
ly interpret the other telemetered parameters. After telemetry readout is complete, switches 
S1A and S1B again connect the horizon-scanner outputs to the two beacon transmitters. 

The position of the attitude control switch, which is indicative of the amount and direction 
of current in the attitude control coil, can be read out and transmitted to ground at any 
time except during telemetry transmission. Read out and transmission of the position 
data is controlled from the interrogating CDA station. If the request for position data is 
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TABLE 1. TELEMETERED PARAMETERS OF THE TIROS II SATELLITE 

'elemetry 
Switch 

Position 
No. 

1 
2 
3 
4 
5 

6 
7 
8 
9 

1 0  

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 

31 
32 
33 
34 
35 

36 
37 
38 
39 
40 

Temperx 

Parameter 
(108.00-Mc Beacon) 

Calibration: Zero Volts 
Calibration: -0.5 Volts 
Calibration: -1.0 Volt 
Calibration: -1.5 Volt 
Calibration: -2.0 Volt 

Calibration: -2.5 Volt 
'Xx" String Battery Output: 

"Z" String Battery Output: 
Main Load Buss: -28 Volts 

Regulated -24.5 Volts, System No. 1 
Regulated -24.5 Volts, System No. 2 
Regulated -13.0 Volts, System No. 1 
Regulated -13.0 Volts, System No. 2 
Vertical Sync Pulse, Clock No. 2 

Horizontal Sync Pulse, Clock No. 2 
Vertical Sync Pulse, Clock No. 1 
Horizontal Sync Pulse, Clock No. 1 
Vidicon High Voltage, Systems 1 and 2 
Temperatwet, Base, at 130' location 

Fil. and Focus Current, Vidicon No. 1 
Fil. and Focus Current, Vidicon No. 2 
"Home" Position of Rocket Switch 
Temperature*, Inner Top Skin at 3" radius 
Temperature*, Inner Top Skin at 12"radiu: 

Solar Cell Array Output Voltage 
Temperature t , Base, at 130' location 
500 cps Converter for Tape Recorder NO. 1 
500 cps Converter for Tape Recorder No. 2 
Temperature*, Side Panel No. 2 

Temperature*, Solar Cells at 3" radius 
TVXmttr Power Converters, Systems 1 and 2 
Temperature*, Base, at 130' location 
TV Xmttrs Drive Voltage, Systems 1 and 2 
Temperature$, TV Camera No. 2 

Temperature$, TV Xmttr No. 1 
Temperature$, Beacon Xmttr No. 2 
Temperatwet, Clock No. 2 
Temperature$ , Battery Package 
"Home" Position 

-28 Volts 
String Battery Output: -28 Volts 

-28 Volts 

Parameter 
(108.03-Mc Beacon) 

Calibration: Zero Volts 
Calibration: -0.5 Volts 
Calibration: -1. 0 Volt 
Calibration: -1.5 Volt 
Calibration: -2. 0 Volt 

Calibration: -2.5 Volt 
'X" String Battery Output: 

"Z7f String Battery Output: 
Main Load Buss: -28 Volts 

Regulated -24.5 Volts, System No. 1 
Regulated -24.5 Volts, System No. 2 
Regulated -13.0 Volts, System No. 1 
Regulated -13.0 Volts, System No. 2 
TV Xmttr Power Converters, Systems 1 and2 

Temperature $, Base, at 130° location 
TV Xmttrs Drive Voltage, Systems 1 and 2 
Temperatwet , Base, at 130' location 
Vidicon High Voltage, Systems 1 and 2 
Temperature*, Base, at 210° location 

Fil. and Focus Current, Vidicon No. 1 
Fil. and Focus Current, Vidicon No. 2 
"Home" Position of Rocket Switch 
Solar Cell Array Output Voltage 
Temperature $ , TV camera No. 2 

Temperature$, TV Xmttr No. 1 
Temperature$, Beacon Xmttr No. 2 
500 cps Converter for Tape Recorder No. 1 
500 cps Converter for Tape Recorder No. 2 
Temperature $ , Clock No. 2 

Temperature t , Battery Package 
Vertical Sync Pulse, Clock No. 2 
Horizontal Sync Pulse, Clock No. 2 
Vertical Sync Pulse, Clock No. 1 
Horizontal Sync Pulse, Clock No. 1 

Temperature*, Inner Top Skin, at 3" radius 
Temperature*, .Inner Top Skin, at 12" radiur 
Temperature*, Side Panel No. 2 
Temperature*, Solar Cells, at 3" radius 
"Home" Position 

-28 Volts 
String Battery Output: -28 Volts 

-28 Volts 

~~~ ~ 

re  Sensor Range: -30 to + l o 0  degrees centigrade 
t Temperature Sensor Range: +10 to +40 degrees centigrade 
t Temperature Sensor Range: -20 to +10 degrees centigrade 
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made while camera system 1 is in use, switch 52 will close and the data will be transmitted 
via beacon transmitter 1; if camera system 2 is in use when the request is made, switch S3 
will  close and the data will be transmitted via beacon transmitter 2. Only one transmitter 
is used fo r  sending the position data to the CDA station; thus the second channel is free to 
transmit horizon-scanner data. 

A beacon control circuit, located within the satellite, permits the beacon transmitters to 
be turned off either when the satellite reaches the end of its operational life or  when it is 
desired to conserve battery power. This "beacon-killer" operation is achieved when the 
satellite receives a start-clock pulse for a given period of time. The beacon car r ie r  con- 
trol  circuit will turn the beacon transmitters rron" again if a "playbacktT o r  "direct-camera" 
signal is received by the satellite for a specified interval. 

3. Telemetry Sensors 

a. G e n e r a l  

The temperature profile of the orbiting TIROS I1 satellite w a s  obtained through use 
of both wide-range and expanded-scale sensors. The expanded-scale sensors, which were 
deveioped after the TiRwS I evaiuation program indicated tne need for greater accuracy 
in telemetered temperature data, were of two types. One type was designed for linear 
operation in the -20 to +10 degrees centigrade range, while the second type provided linear 
outputs in the +10 to +40 degrees centigrade range. Both types of expanded-scale sensors 
had output scale factors of 1 2  degrees per volt. 

The wide-range sensors were the same a s  those employed on the TIROS I Meteoro- 
logical Satellite. They provided linear outputs within the -30 to + lo0  degrees centigrade 
range, and had an output sensitivity of 52 degrees per volt. The development of the wide- 
range sensors is described in Volume I of the TIROS I Final Report (Reference 1). 

The location, type, and basic parameters of the twelve temperature sensors used 
in the TIROS II satellite are listed in Table 2. 

b. D e v e l o p m e n t  of Expanded-Sca le  Sensors 

The development of the expanded-scale sensors was aided by the knowledge that was 
obtained during the development of the wide-range sensors. It was determined during 
TIROS I that the sintered nickel-manganese semiconductors, which were to be used as 
the temperature sensors, displayed expodential conductance-temperature relationships. 
A s  one of the initial steps in the development of the expanded-scale sensors, a simple 
circuit was investigated to determine the feasibility of critically biasing the sensor so that 
it would operate within a selected, linear, portion of its temperature response curve. 

The family of curves f o r  the simple circuit is shown in Figure 6 .  The equation from 
which these curves were plotted is as follows: 
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dRo Roar 
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Polarizing Voltage 

Load Resistance 

Semiconductor Resistance at Temperature T 

Temperature-Resistance Coefficient at Temperature To 

Semiconductor Resistance at Reference Temperature 

Output Voltage 

Semiconductor Material Constant (Degrees Kelvin) 

Temperature (Degrees Kelvin) 

This equation was  then solved for Rt with at given as 
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Figure 6. Expanded-Scale Sensor, Simple-Circuit Response Curves 

The schematic diagram of the final temperature sensor circuitry is shown in Figure 
7. The theoretical response of the sensor circuits is plotted in Figures 8 and 9.  The 
actual response of the expanded scale sensors is shown in Figure 10. 

4. Telemetry Switch 

The TIROS 11 telemetry switches, single, hermetically sealed units containing a stepping 
solenoid, a switch, and an associated electronic driving circuit, w e r e  the same a s  those 
employed on the TIROS I satellite. However, an external voltage divider network w a s  
added to  accommodate the increase in "calibration points, " and the list of parameters to 
be telemetered was  changed. 

In order to  increase the number of 'kalibration points" from 2 to 6, the existing 2.5-volt 
reference supply was connected across a voltage divider which was tapped to provide 
output levels of -0.5, -1.0, -1.5, and -2.0 volts d-c. The power capabilities and the 
regulation of the existing reference supply were adequate, and no rework was  required. 
The schematic diagram of the calibration-voltage circuit is shown in Figure 11. 

Because of the increase in calibration points and the addition of four temperature-sensing 
points, it was necessary to alter the l ist  of parameters to be telemetered. After a close 
study of the telemetry list, it was decided to delete the following: 
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Figure 8. Theoretical Response of -20 to +10 degree Sensor 
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Figure 10. Observed Response of ExpandedScale Temperature Sensors 
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Figure 11. Telemetry Calibration-Voltage Circuit, Schematic Diagram 
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a. Video output of TV Camera No. 1 

b. Video output of TV Camera No. 2 

c. Recorder head No. 1 

d. Recorder head No. 2 

e. Playback amplifier No. 1 

f .  Playback amplifier No. 2 

In addition to the above deletions, the following parameters were combined. 

a. Vidicon No. 1 high voltage and vidicon No. 2 high voltage 

b. T V  transmitter converter No. 1 and TV transmitter converter No. 2 

c. T V  transmitter No. 1 driver voltage and TV transmitter No. 2 driver voltage. 

The combination of these parameters liberated three additional telemetry channels for 
other use. Finally, a tenth telemetry channel w a s  liberated when it w a s  decided to in- 
tegrate the sidemounted solar-cell test patch into the power supply system and thus to 
abandon its use for ieieixieii%y pui-pesea. 

C. REFERENCE INDICATOR SUBSYSTEMS 

1. Introduction 

The reference indicator subsystems i s  the general name given to the North Indicator 
Subsystem and the Attitude Indicator Subsystem. These two subsystems are considered 
collectively since they both supply data required for identifying cloud-picture orientation. 
The north indicator, consisting of nine solar-cell sensors and associated electronics, 
provided data f rom which the north direction of each TV, cloud-cover, picture could be 
determined. The attitude indicator, consisting of an IR sensor and associated electronics, 
provided data f rom which the attitude of the satellite's spin axis could be determined. 

2. North Indicator 

a. Introduction 

The TIROS I1 north indicator subsystem was very similar to the TIROS I north 
indicator, 
north indicator to operate satisfactorily at low sun angles (a! angles). This modification 
was necessitated by the addition of the IR experiment to the TIROS I1 satellite. The 
operating parameters of this experiment along with the parameters of the TV and power 
supply subsystems, dictated that the satellites attitude be maintained such that the sun 
angle would fall either between 70 degrees and 55 degrees, or between 35 degrees and 20 
degrees. 

The primary difference w a s  a design modification that allowed the TIROS I1 

The TIROS I north indicator w a s  designed to  operate at sun angles between 90 de- 
grees and 30 degrees. Because of the optical-mechanical configuration of this unit, the 
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lightbeam would "fall off" the sensor cells whenever the sun angle was less  than 30 degrees. 
For TIROS II, the optical-mechanical configuration was modified by making the aperture 
slits longer, and by mounting the sensor cells closer to their associated aperture slits. 
Although this modification increased the lffield-of-view" of the sensor cells to the desired 
range, the skewing effect between the light beam and the new configuration caused the 
amplitude of the sensor cell output to decrease, and its rise time to increase as the sun 
angle decreased. To compensate for this, a companion change was  made in the sun-sensor 
electronics which increased the overall gain of that circuit. These modifications are de- 
scribed in more detail in their related subparagraphs. 

The initial objective for the modification was to ensure reliable operation for  sun 
angles down to 15 degrees or less. The final design of the unit provided reliable operation 
for  sun angles down to approximately 13 degrees. 

b. Funct iona l  D e s c r i p t i o n  

The north direction on a TV picture received from the TIROS satellite is determined 
by obtaining (1) the angular position of the sun with respect to a zero reference-radius on 
the satellite baseplate, (2) the position of the sun with respect to the earth, and (3) the 
position and attitude of the satellite in i ts  orbit with respect to the earth at the time the 
picture was taken. 

The nine sun-angle sensor units form the first link in the data chain that provides 
the north-direction information. Each sensor unit consists of a sensor cell which is con- 
tained in a special mount, parallel to the spin axis, behind a slit aperture. The mounts 
are radially mounted 40 degrees apart around the vertical walls of the satellite housing, 
as shown in Figure 12. 

A s  the satellite spins, the sl i ts  sweep across  the sun, causing the sensor cells to 
generate "sun triggered'' pulses. These pulses trigger coded multivibrators located in 
the sun-sensor electronics package. Because of the sensor spacing and the 9 to 12  rpm 
spin rate, two of these coded pulses occur during each two-second picture read-out. The 
coding is sequenced in such a way that any two pulses uniquely define a sun-sensor loca- 
tion. These pulses a re  amplified and shaped in the sun-sensor electronics package and 
applied (in coded form) to the tape-recorder electronics. 

In the tape-recorder electronic circuits, the pulses are transformed into a-c 
signals. These a-c signals, portions of a 10-kc sine wave, have durations equal to that 
of the input pulses and are called "tone bursts. ' I  If the pictures are being taken in the 
remote mode (i. e., while the satellite is not in contact with a ground station), the tone 
bursts are recorded on the tape recorder, along with the corresponding video information, 
where they a r e  stored until the satellite is commanded to "playback. I '  The tone bursts 
(along with the video information) are then "read back" into the electronics. When the 
satellite is operating in a direct sequence, the "tone burstsff  bypass the tape recorder 
and a re  fed directly into the electronics. 

The tone bursts are used to modulate the TV transmitter which sends the information 
to earth. Here the video and sun-angle information is received by the TV receiver. The 
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M lBOo 
I NOTE: 

PHYSICAL RESTRICTIONS DID 
NOT PERMIT A SENSOR TO BE PLACED 
ON THE 0' REFERENCE LINE 

DIRECTION OF 

( VIEWED FROM TOP OF SATELLITE) 

N: LOCATION OF SENSOR WHICH GIVES A NARROW OUTPUT PULSE 
M: LOCATION OF SENSOR WHICH GIVES A MEDIUM OUTPUT PULSE 
W: LOCATION OF SENSOR WHICH GIVES A WIDE OUTPUT PULSE 

Figure 12. Locations of Sun-Sensor Units on Satellite Baseplate 

sun-angle bandpass filter separates the sun-angle information from the video signal, after 
which the tone bursts are applied to the sun-angle computer. The computer identifies the 
particular baseplate-referenced sun sensor associated with the tone bursts corresponding 
to  a given bit of video information by using the sensor coding scheme (described in the 

I 

I 

I section on sun-sensor electronics). It then relates the occurrence times of these bursts 
with the initiation of the video subcarrier,  which corresponds to the time at which the I 

I 

I picture was taken, and computes the sun angle. Simultaneously, the video information 
and the sun angle f rom the computer are displayed visually and photographed. Using the 
sun angle on a photograph along with orbital data corresponding to the time the TV picture 
was taken, the north direction can be determined and placed on the photograph. , 

I C .  Sun-Sensor  Electronics  

(1 )  General 

The sun-sensor electronics consisted of nine sensor cells, equally spaced 
around the periphery of the satellite, and associated pulse-shaping circuits. A block 
diagram of the sun-sensor electronics i s  shown in Figure 13. 

The sensor cells were divided into three groups of three cells each. The outputs 

I 

I 

of one group were  fed into a pulse-shaping circuit which produced a long duration 

1 
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By judicious interleaving of the sensor cells from each group, a pulse coding 
system was evolved which allowed the orientation of the satellite to be determined merely 
by examination of the sequence (long-long, long-short, etc.) of the two pulses. (This 
"examination" was performed at the ground station by the sun-angle computer. ) 

~ 

The basic requirements, and the initial development and design of the sun-sensor 
Except electronics are described in Volume I of the TLROS I Final Report (Reference 1). 

for the modification described in the following subparagraph, the functional description 
contained in the TIROS I Final Report is also applicable to the TIROS I1 sun-sensor 

I electronics. 

. 

300° 

ANGULAR LOCATION WITH RESPECT TO BASE PLATE REFERENCE SYSTEM 

Figure 13. Sun-Sensor Electronics, Block Diagram 

(50 to 85 millisecond) pulse; the outputs of the second and third groups were fed to circuits 
producing medium-duration (120 to 175 millisecond) and short-duration (205 to 290 milli- 
second) pulses, respectively. Because of the satellite's spin rate and the camera's 
vertical sync rate, two 'bun-pulses" were produced for each TV picture. The "sun- 
pulses" and their associated TV picture were  either transmitted directly to ground o r  
stored on the TV tape recorder for transmission during a playback. The transmission of 
the "sun-pulses" and TV pictures occurred simultaneously. 
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(2) D e s c r i p t i o n  of M o d i f i c a t i o n s  

The schematic design of the TIROS I1 sun-sensor electronics is shown in Figure 
14i The schematic is the same as that for TIROS I except the resistive and capacitive 
elements were  removed from the emitter circuit of Q3, and a 10-microfarad capacitor 
was  added in parallel with capacitor C3. 

Because of the slow r i se  time of the TIROS I1 pulses, the resistive and capacitive 
elements caused excessive degeneration of the sun-pulse signals. Removal of these ele- 
ments eliminated the degenerative action and thus increased the gain of the stage. 

Adding the 10-microfarad capacitor in parallel with capacitor @3 increased the 
coupling between the preamplifier and the one-shot multivibrator . This addition permitted 
the one-shot to  be triggered by the slowly rising pulses that existed in TIROS 11. 

(3) T e s t i n g  

The modified sun-sensor electronics circuits for each of the TIROS II satellites 
were subjected to the following tests: 

(ai Temperature 

(b) Thermal Vacuum 

(c) Vibration 

(d) Temperature 

(e) Go, No-Go Check 

Figure 15 shows the test  circuit used in developing and testing the sun-sensor 
electronics. This test circuit is used to simulate the output of an actual sensor cell at 
low sun angles. The output characteristics were based on laboratory measurements of 
sensor-cell outputs as well as analytical studies of sensor-cell output parameters. 

For the first temperature test, the sun-sensor electronics was  placed in a Tenny 
vacuum chamber and fed from the test circuit (sun-pulse simulator). After it was  de- 
termined that the sun-sensor electronics w a s  operating correctly, recordings were made 
of both the minimum pulse amplitude required to trigger the monostable multivibrators 
(one shots), and the width of the output pulse from each multivibrator. These recordings 
were made at temperatures of -10, +25, and +60 degrees centigrade. 

The thermal-vacuum test was similar to the temperature test. The electronics 
were placed in a bell-jar vacuum chamber and were fed from the sun-pulse simulator. 
The pressure within the chamber was reduced to 5 x mm of Hg and the widths of 
the sun-sensor output pulses recorded. These recordings were made for temperatures 
of -10, +25, and +55 degrees centigrade. 

After  successful completion of the temperature test  and thermal-vacuum test, 
the sun-sensor electronics boar& and their associated sensor cells were mounted on the 

§ This illustration is printed on a foldout page located at the rear of this Section. 
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Figure 15. Sensor-Cell Output Simulator 

bracket plates. The assembled units were then subjected to a vibration test. After pass- 
ing the vibration test, the assembled units were subjected to a final temperature test. 

This final temperature test was performed using the actual sensor-cell outputs 
to trigger the one-shot multivibrators. The sensor cells were energized by manually 
chopping the light from the light source. was not in place, the 
light rays fell directly on the cells without first passing through an aperture slit. Because 
of this, the test did not simulate the correct input pulse characteristics. However, it did 
provide a check on the sensor cells and the circuit interconnection wiring. (It should be 
noted that circuit operation had been checked using the correct inputs in the previous tests. ) 

Since the satellite's 

The Go, No-Go check was the final test in the test series.  Pr ior  to commencing 
this test, the sensor cells and sun-sensor electronics were mounted behind the aperture 
slits in the satellite's hat, the interconnecting harness was wired in, and the cells were 
aligned with respect to the aperture slits*. The Go, No-Go test consisted of triggering 
the circuits by energizing the sensor cells with a spot light, which was directed at the 
aperture slits, and manually chopping the light rays. The output pulse widths of the 
various sun-sensor units were recorded. 

(4) Universal Sun Angle Correction Curve 

The Universal Sun Angle Correction Curve, shown in Figure 16, was used to 
compensate fo r  e r ro r s  in the computed satellite-orientation due to variations in the sun 
angle ( Q! angle). The curve was plotted from data that was obtained during a "Sun Cali- 
bration Run" which was performed on satellite model F2. The calibration run consisted 
of rotating the satellite a t  10 rpm in direct sunlight, and recording the angular displace- 
ment of sun-sensor electronics' output pulses with respect to an angular reference on the 
satellite's base plate. These recordings were made at various Q! angles. The results ob- 
tained for each Q! angle were compared, and variations between sets  of recordings were 
measured and converted into correction factors to be applied to the computed satellite- 
orientation. An explanation of the curve's shape follows. 

*The mechanical alignment procedure is described in the paragraph entitled "Sun-Sensor 
Mechanical Configuration. 'I 
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Figure 16. Universal Sun-Angle Correction Curve 

The satellite's orientation with respect to the sun is computed by the sun-angle 
computer (ground station) for each TV picture. The sun-angle computer bases its com- 
putations on the fact that a particular sun sensor is activated only when the sun is pre- 
cisely aligned with the associated sensor cell. Actually, because of two independent 
effects, this basis for computations is not always valid. The first  effect, a keystoning 
effect, results from the geometric relationship of the aperture slit and the sensor-cell. 
This keystoning effect causes an increase in the width of the light beam in the plane of 
sensor-cell's active surface, and thus tends to cause the associated one-shot multivibrator 
to be triggered before the sun is fully in line with the sensor cell. The second effect is a 
degradation of the sensor-cell output pulse (increase in r ise  time and decrease in amplitude) 
that occurs as the a! angle decreases. This second effect tends to cause a delay in the 
triggering of the one-shot multivibrators. For a! angles of less  than 50 degrees, the second 
effect is greater than the first; conversely, for a! angles in excess of 50 degrees, the first 
effect is greater than the second. 

, 
I 

Referring to Figure 16, note that when the a! angle is 90 degrees, a correction 
factor of +O. 25 degrees should be subtracted from the computed orientation angle. This 
correction factor, which is taken into consideration throughout the entire curve, compen- 
sates for  the fact that the sun subtends 0.5 degrees. A s  the sun angle decreases toward 
50 degrees, the required correction factor increases and results in a further reduction in 
the computed orientation angle. This increase in correction factor is required to com- 
pensate for the keystoning effect. 

A s  the sun angle drops below 50 degrees, the second effect (degradation of the 
sun-sensor output pulse) becomes the predominant effect. Thus the correction factor be- 
comes less  and less  positive. When the sun angle reaches 24 degrees, the effect of signal 
degradation becomes pronounced enough t o  delay the triggering of the multivibrators until 
after the sun has passed the point of true alignment with the sensor cell. Accordingly, a 
negative correction factor is prescribed. Subtraction of this negative signal results in an 
increase in the computed orientation angle and thus compensates for the late triggering of 
the multivibrators. 
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d. Sun-Sen sor Mcchani cal Configuration 

(1) Development and Design 

The mechanical collfiguration of the TIROS II sun-sensor units was similar to 
that of the TIIiOS I units. The differences between the two units were those changes that 
were  required for accommodating sun angles of less than 30 degrees. The basic design 
considerations €or the sun-sensor units are described in Volume I of the TIROS I Final 
Report (Reference 1). The modifications that were required for accommodating sun angles 
of less  than 30 degrees are described here. 

The original sun-sensor units were designed to operate at sun angles between 30 
degrees and 90 degrees, and, therefore, required modification before they could be used 
on the TIROS II satellite. Although it would have been desirable to establish a design 
which would allow the units to operate a t  0-degree sun angles, there were  several factors 
which made it impracticable to attempt such a design. These factors were: 

(a) The sensor cell had to be mounted parallel to the aperture slit and the satel- 
lite's spin axis in order to avoid the introduction of complex geometric con- 
-side rations. 

(b) The amplitude of the sensor-cell outputs was  proportional to the normal com- 
ponent of the sun's rays impinging on its surface, and thus approached zero 
as the sun angle approached 0 degrees. 

(c) The width of the light beam striking the sensor cell w a s  proportional to the 
length of the light path between the aperture sl i t  and sensor cell. Because 
of this relationship, the width of the light beam became excessive at low 
sun angles and caused a shift in the sensor-cells triggering point. 

After consideration of these three factors, RCA concluded that it would be im- 
practical, from a mechanical standpoint, to attempt to accommodate sun angles of less 
than 1 0  degrees. (Later, because of electrical consideration, this lower limit was set 
at 13 degrees. ) 

Figure 17 shows the relative positioning of the sensor cell and the aperture slit 
within a sun-sensor unit. A s  can be seen from the illustration, the X and Y dimensions 
determine the range of sun angles (a angles) within which the sun's rays can strike the 
sensor cell. Smaller sun angles could have been accommodated by increasing the height 
of the aperture slit (X dimension), or  by decreasing the perpendicular distance from the 
solar  cell to  the plane of the aperture slit (Y dimension), or by adjusting both dimensions. 

Initial studies showed that, because of the physical restrictions imposed by the 
satellite's 'lhat" structure, the X dimension could not be increased sufficiently to even 

to  attain the design objective (10 degree lower limit) by adjustment of the Y dimension. 
I approach the desired a angle. Therefore, this approach was abandoned and it was  decided 

Since the sensor housings developed for TIROS I could not accommodate any 
appreciable increase in the Y dimension, they could not be used on the TIROS 11 satellite. 
Accordingly, a decision was made to abandon the single integrated unit of TIROS I, shown 
in Figure 18a in favor of the alternate arrangement shown in Figure 18b. In the alternate 
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Figure 18. Comparison of TIROS I and TIROS 11 Sun-Sensor Units 
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arrangement, the cell cavity was  affixed to a flat plate mounted inside the satellite's hat 
assembly, and the aperture plate was  mounted between adjacent solar-cell panels, on the 
outboard'surface of the "T" posts. 

Implementation of the alternate arrangement required a modification to  the cell 
cavities, and the design and fabrication of several new parts; namely, mounting plates, 
ceIl spacers, different aperture plates, and mounting spacers. The use of the cell spacers 
and mounting spacers w a s  dictated by the space requirement for the circuit components. 
(In this new configuration the circuit components had to be installed in the area between 
the mounting plate and the mounting channel. ) 

Figure 19 depicts, in exploded-view form, the arrangement of the parts within 
the TIROS I1 sun-sensor unit. The circuit board, and the cell-cavity and sensor-cell 
combination are rigidly affixed to the mounting plate. The mounting holes of the plate were 
designed to  allow lateral positioning of the plate, and thus to provide for adjustment of the 
position of the cell cavity. It should be noted that the layout of the mounting plate was such 
that it could be used as a direct replacement for the TIROS I "housing" without requiring 
any physical changes to the circuit-board mounts or  to the harnessing between the various 
sensors e 

I 

APERTURE 
PLATE, 

MOUNTING CHANNEL 
(ATTATCUED TO "T" POST) 

\ 

MOUNTING 6 

CIRCUITRY BOAR0 
(Cl RCU I T MOUNTED 
ON REVERSE SIDE) 

SENSING CELL 

CELL CAVITY 

Figure 19. TIROS I1 Sun-Sensor Unit, Exploded View 
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(2) Alignment Procedure 

Since the aperture plate and the sensor cell were no longer housed as an integrated 
unit, a new method had to be devised for aligning the sensitive axis of each sensor unit with 
its respective radial line-of-site. The following is a summary of this new procedure: 

(a) The first step in the alignment procedure was to mount the aperture 
plates on their respective 'TI"' posts with their centerlines parallel to 
the satellite's spin axis and normal to their associated radial lines. 
This step of the alignment was accomplished with the satellite mounted 
on an indexing head. With the satellite mounted in this fixture, an align- 
ment scope was set  up so that its line-of-sight passed through the 
satellite's spin axis. The satellite was then rotated until its Q-degree 
scribe mark was  in register with the cross  hairs in the scope's line-of- 
sight. Using the scope's cross hairs for reference, the Q-degree 
aperture slit was aligned with the Q-degree radial line and locked into 
place. The satellite was then rotated in increments of 40 degrees and 
each of the nine aperture slits was aligned with its associated radial 
line and locked into place. 

(b) The second step of the physical alignment procedure was the alignment 
of the leading edge of each sensor cell with the plane ciefined by the 
satellite's spin axis and the edge of the aperture slit. This portion of 
the alignment procedure was accomplished using essentially the same 
set up as had been employed in the first step of the procedure. The 
satellite was  rotated on the indexing head until the leading edge of one of 
the apertures coincidedwith the vertical reticle of the alignment scope. 
The cell car r ie r  lead screw w a s  then adjusted until the leading edge of 
the sensor cell was  aligned along the same radial line as the aperture 
slit. This procedure was repeated for each of nine sensor units. 

3. Atti tude Indicator 

a. General 

The operation of the horizon-scanner attitude indicator was  not completely success- 
ful in the TIROS I satellite. Spin-rate data w a s  the only useful operational data; several 
deficiencies prevented utilization of the data for operational attitude determination. Basi- 
cally, these deficiencies were as follows: 

(1) The spectral response of the bolometer was  relatively flat between 1 . 8  and 
30 microns. This wide spectral response caused the bolometer to produce 
outputs in response to cloud transitions as well as in response to sky-earth 
and earth-sky transitions. These spurious transition pulses made data 
reduction extremely difficult. 

(2) R-@ time constants within the attitude indicator electronics were such that 
they caused double differentiation of horizon transitions. The double differ- 
entiation of the transition pulses caused overshoots and hence introduced 
spurious signals which added to the difficulty of the data reduction task. 
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(3) The long recovery time of the attitude-indicator electronics caused a loss of 
the horizon pulse whenever a spurious pulse occurred less than 250 milli- 
seconds before a valid transition pulse. 

(4) The low-frequency cut-off of the horizon-scanner amplifier was  approximately 
10  cps. 
when the horizon sensor scanned normal to  the horizon; when the scan was 
oblique to the earth's surface, the pulses were  severely attenuated. Useful 
outputs could be obtained only when the ftearth-roll angle'' was greater than 
100 degrees. 

(5) The threshold required for producing a 3-kc tone burst (indicating an earth- 
sky or sky-earth transition) was  set at an equivalent earth temperature of 
220 degrees Kelvin when actually the earth temperature, as observed from 
TIROS I data, w a s  approximately 275 degrees Kelvin. This caused the 
system to be oversensitive and thus resulted in the magnification of the 
deficiencies in other portions of the circuitry. 

Because of this, maximum amplitude pulses could be produced only 

Because of the deficiencies that were detected in the TIROS I attitude indicator, 
several significant changes were made before the circuitry was  integrated with the re- 
mainder of the TIROS II satellite. Basically, these changes were as follows: 

(1) A redesign of the amplifier circuit to  improve its operating characteristics. 

(2) A change in the form of signal processing so that the analog output of the 
horizon-scanner amplifier was  directly transmitted, instead of first being 
digitized. 

The latter of the two changes resulted in a simplification of the satellite-borne 
equipment. Also, this change allowed the actual analog horizon data to be recorded at 
the CDA stations for subsequent evaluation of the earth 's  heat radiation, spurious "cloud" 
pulses, and the motion of the satellite's spin-axis. 

b. Descr ip t ion  of Design Changes 

In order to correct the deficiencies in system performance, it was  decided to  com- 
pletely redesign the horizon-scanner amplifier, while retaining the original bolometer and 
its associated optics and mechanical assembly. The new amplifier had to  meet relatively 
stringent requirements to be compatible with system requirements. Basically, the design 
requirements were as follows: 

Low Noise Figure. Because of the low amplitude signal from the bolometer 
(between 10 and 100 microvolts) the amplifier noise had to be held to an 
absolute minimum. 

Low Frequency Cutoff. In order to accommodate signals resulting from 
scanning the horizon at oblique a n z l e s ,  the !CY f r e q . x ~ j ;  ciitoff had io be 
below 0.5 cps. 

Low Power Consumption. Since power had to be constantly applied to the 
horizon-scanner amplifier, the power consumption of the amplifier had to be 
held to  a minimum. 
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The schematic diagram of the TIROS IT horizon-scanner amplifier is shown in 
Figure 20. The unit consisted of a five-stage amplifier which was  essentially d-c coupled 
except for the input and output circuitry. D-c coupling was  used to eliminate the need for  
high value coupling capacitors. 

In order to eliminate the possibility of double differentiation of low-frequency signals 
from the bolometer, only one R-C network was used to perform differentiation. This 
differentiation was accomplished by the time constant represented by capacitor C3, the 
source impedance of transistor Q1, and the input impedance of transistor Q2. The only 
other time constants, represented by capacitors C4 and C5 and the input impedance of the 
beacon subcarrier oscillators, were relatively long as compared to the time constant 
associated with capacitor C4. 

Emitter follower Q1 was  included to  provide a high-impedance load on the bolometer. 
This was necessary because the bolometer was effectively a resistance that varied with 
temperature; and any loading effect by the input circuitry would have caused the bolometer 
output voltage to also vary with temperature. Transistors Q1 and Q2 were  biased for an 
emitter current that would provide an optimum noise figure. 

Resistor R6 was  employed to provide negative feedback from transistor Q4 to tran- 
s is tor  Q2, and thus to establish the operating points of transistors QZ through Q5. It  
should be noted that this feedback loop provided more attenuation to d-c than to a-c, and 
therefore ensured good d-c stability. The resultant gain for  a-c signals was  approximately 
75 db while the d-c gain was  approximately 40 db. 

The R F  filter was identical to  that employed on the TIROS I horizon-scanner 
amplifier. This filter was required because of R F  interference from the beacon and TV 
transmitters. 

Operating points of the various stages were carefully selected to provide the mini- 
mum collector current consistent with stable operation. The total power consumption of 
the horizon-scanner amplifier was less  than 50 milliwatts. 

D. ELECTRICAL POWER SUPPLY SUBSYSTEM 

1. General 

Electrical power fo r  all of the satellite's requirements was generated by a solar-energy 
converter, which consisted basically of an array of 9120 silicon solar cells, mounted on 
the top and sides of the satellite structure. Since the angle of illumination of the cells 
varied, and since the satellite was  in the shadow of the earth during part of its orbit, a 
secondary power supply, consisting of 63 nickel-cadmium storage batteries, was included 
in the subsystem to maintain power continuity. The storage batteries had a total capacity 
of approximately 275 watt-hours. The solar-cell array and storage batteries were con- 
nected in such a manner that the batteries were charged when the solar cells were active, 
and that excess solar-cell output was used to power the electrical load directly. Pre- 
cautions were taken to prevent internal circulating currents through the power-source 
interconnections, and to  preclude the total loss of power in the event that a short circuit 
occurred in one of the cells or  batteries. 
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The storage batteries were electrically connected in three independent groups, each of 
which w a s  connected to  the solar-cell supply through its own current regulator to pre- 
vent an excessive rate of charge. The excess power w a s  diverted through a bypass 
regulator to the main battery-output bus. During the orbital night, when the solar cells 
were passive, silicon diodes in each ser ies  row of solar cells prevented the storage 
batteries from discharging into the solar cells. A similar function was performed by 
diodes which were included in each series row of solar cells located on the lateral sur- 
face of the satellite. Because of the satellite's rotation, each series row of .solar cells 
on a lateral surface was  alternately illuminated and then darkened. The diodes prevented 
the darkened solar-cell rows from loading the illuminated rows. 

The storage batteries provided a relatively constant voltage across the solar cells; thereby, 
isolating them from variations in the electrical load. The storage batteries were charged 
by the solar cells during the orbital day and supplied all equipment loads during orbital 
night. In addition, during the orbital day, the batteries supplied the difference between 
peak power requirements and the solar-cell output. 

The basic development and design, and the functional operation of the electrical power 
supply subsystem is described in Volume 1 of the TIROS I Final Report (Reference 1). 
111e lulluwlllg tzxt is limited tc! disccssic?n.s d changes made to  the solar-cell a r ray  and 
to tests that were conducted on the storage batteries. 

- 3 -  - c - 1 1 - - - - 2 -  

2. Solar-Cell Array 

The basic solar-cell a r ray  was similar that employed on TIROS I. The primary differences 
were: (1) a patch of 80 solar-cells, which had been used as a source of telemetry data for 
TIROS I, w a s  rewired and became part  of the power supply portion of the array*; and (2) a 
group of 5, series-connected, solar-cells was specially mounted so that its temperature 
could be monitored and telemetered to  the interrogating CDA station. These modifications 
resulted in an slight increase in the total instantaneous power output of solar-cell array. 

The use of the side-mounted solar-cell patch for telemetry purposes was  abandoned for  
two basic reasons. First, the data supplied by the side-mounted patch was  redundantly 
supplied by a solar-cell patch that w a s  mounted on the satellite's top surface. Second, the 
data supplied by the top-mounted patch w a s  more readily evaluated than the data received 
from the side-mounted solar-cell patch. The difficulty experienced in evaluating the out- 
put of the side-mounted patch was  due to the fact that the satellite's rotation caused the 
patch to be alternately exposed to sunlight and darkness. Since the output of a solar-cell 
patch is directly proportional to the normal component of the light rays impinging on its 
surface, the output of the solar-cell patch was zero during one-half of a satellite rotation 
and varied at a nearly sinusoidal rate during the other half of the rotation. In order to 
evaluate the output of the side-mounted solar-cell patch, it was  necessary to compute the 
incidence angle between the solar radiation vector and the plane of the solar-cell active 
surface fo r  the time at which telemetry readout occurred. Because of the reliability of 

*A second patch of solar cells, mounted on the top of the satellite, are still used for 
telemetry purposes. 
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the data supplied by the top-mounted solar-cell patch, it was decided to convert the side- 
mounted patch for power supply use, and thus to increase the peak power output of the 
overall solar-cell array.  

The group of 5 series-connected solar cells was resistance loaded and bonded to  the top 
surface of the satellite. A small hole was drilled through the satellite structure and the 
solar-cell mounting substrate so that a telemetry thermistor could be affixed to  the under- 
side of the group of solar cells. This was an improvement over the TIROS I solar-cell 
temperature-sensing technique in which the temperature sensors were located behind the 
solar cells on the satellite's "skinff. 

The resistance load for the shingle was selected so that the solar-cells that comprised 
the telemetry shingle would operate a t  the same efficiency as the other solar cells mounted 
on satellite's top surface. 

3. Storage Batteries 

a .  General 

During TIROS I it was noted that the cellulose-acetate separators of the nickel- 
cadmium storage cells deteriorated at operating temperatures in excess of +40-degrees 
centigrade. Furthermore, it was indicated that this deterioration was  actually an ac- 
celeration of a gradual breakdown that occurred at all temperatures. In order to pre- 
clude the possibility of launching a TIROS satellite whose battery rack was approaching 
the point of fatigue, the storage batteries which were residual from TIROS I were ex- 
tensively tested. The results of these tests showed that the batteries had deteriorated. 
Therefore, new batteries were procured for the TIROS II satellite. 

b. Battery T e s t  Program 

The initial phase of the battery test program was the testing of the batteries which 
had been procured during the TIROS I project and installed on satellites D-1, D-2, T-2, 
and T-1A. These tests were designed to facilitate detection of any significant performance- 
degradation that might have occurred between the test  date and the date on which the 
batteries were delivered for  integration into the TIROS I satellites. In order to pass the 
test requirements, each battery row had to .have a capacity of 3.5 ampere-hours when dis- 
charged at a rate of 1 . 0  ampere to an end voltage of 25.2 volts. 

After it w a s  determined that the residual batteries were  unable to  meet the minimum 
test requirements, new batteries were procured and packaged for  inclusion in TlROS I1 
satellites F1, F2, and F4. Results of the tests performed on these new batteries are 
listed in Table 3, a s  are the results of the tests conducted on the batteries which were 
residual from TIROS I. 

m-1.1 ~ a u r t :  4 is a iisicing of tne storage batteries that failed during the test program and 
which were subsequently cut open in an effort to determine the cause of failure. The 
amount of separator deterioration varied from cell to  cell, but, generally, it was a 
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TABLE 4. BATTERY TEST RESULTS 

mos II 
Satellite 
esignation 

F- 1 

F- 1 

F- 1 

F- 1 

T-2A 

F-4 

F-4 

F-4 

F-2 

New F-1 

New F-1 

New F-2 

New F-4 

~- 
Date 
of 

Test 

/2 7/60 

'/2 8/60 

'/29/60 
to 

'/30/60 

1/2/60 
to 

$/3/60 

5/24/60 

to 

1/30/60 
to 

7/31/60 

7/25/60 
to 

7/2 6/6 0 

10/3/6 0 
to 

10/4/60 

10/15/6 
to 

10/16/6 

8/4/60 
to 

8/5/60 

8/5/60 
to 

8/6/60 

8/8/60 
to 

8/9/60 

9/1/60 

10/6/60 

mDere-Hom Capacity 

low 1 

2.5 

3. 0 

2.5- 
3. 0 

2. 0- 
2 .3  

3.7 

3. 5. 
3.6 

3 .1  

2.7 

2.5 
3.0 

4.0 

3.9 

3. E 

2 3.: - 

3ow 2 

3.0 

3 .1  

3.1 

2.7- 
3.0 

3.5 

3.5- 
3.6 

3.0 

2 .8  

0.6 

3.7 

3.9 

3.9 

2 3.9 

Tow 3 

2.8 

3.0 

2.5- 
3.0 

2.5 

3.6 

3.5- 
3.6 

3.0 

2.8 

3.2 

3.9 

3.8 

3.7 

2 3.9 

Highest Voltage - 
harge-Volts luring 

tow 1 

33.8 

24. 0 

34.4 

34.0 

31.9 

32.5 

31. 8' 

31. 5 

34.5 

31. 7 

31.6 

30. a 

2 31.2 

iow 2 

33.7 

33.6 

34.8 

35.7 

32.6 

31.8 

32.3: 

31.6 

32.5 

31.3 

31.4 

30. E 

2 31.8 

low 3 

33.6 

33.6 

34.1 

35.3 

31.7 

31.7 

32. 7* 

32.4* 

34.3 

31. 7 

31. 8 

30. 9 

131.2 

* An insufficient number of readings were taken so that maximum voltage was not 
observed or  recorded. 
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maximum at the ends of the battery. In addition to the obvious deterioration, the sep- 
arators appeared to have lost a certain amount of tensile strength. This was considered 
to be evidence of a slight, general deterioration of the separators. 

Two storage batteries (C539 and C540), which were spares and thus had not been 
par t  of a satellite power supply, were cut open for purposes of comparison. These two 
cells, both of which were approximately six months old, showed little o r  no change in 
electrical performance, and no change in material integrity. 

An analysis of the data in the tables shows that all batteries that had been subjected 
to thermal-vacuum tests at the +55-degree (centigrade) level had to be rejected because 
of substantially degraded electrical performance. Conversely, the two spare storage bat- 
teries, which had not been subjected to thermal-vacuum tests, showed no signs of de- 
graded performance. 

4. Power Supply Output Capabilities 

The amount of electrical energy available for a given orbit is directly proportional to the 
sun angle (a! angle) and to the percent sun-time of the orbit. Figure 21 shows available- 
energy curves fer 65 percent and 100 percent sun-time orbits. A special set of prece- 
dures, entitled "Operational Procedures for Power Supply Monitoring" (Reference 2)  , 
was developed to acquaint operator personnel with the use of these curves. This docu- 
ment also contained information designed to familiarize personnel with the procedures to 
be followed in the event that: 

(1) the power consumption of the proposed program would exceed the available 
power for a given orbit; and 

the storage cells failed to recharge to their minimum acceptable level. (2) 

E. INFRA-RED HTAT-AiAPPING SUBSYSTEM 

1. Introduction 

The infra-red heat-measuring sumystem was supplied by NASA to measure heat radiation 
and reflection from ear th  and its environs in the infra-red through ultraviolet portion of 
the electromagnetic spectrum. 
continuously record the radiation data measured during an orbit on a continuous magnetic 
tape, and to play back and transmit the recorded data, at an accelerated rate, when com- 
manded by an interrogate pulse from the T V  picture subsystem. Telemetric measure- 
ments of the temperature, pressure, and calibration of the infra-red (IR) package, and 
certain time -reference signals were also recorded and transmitted with the radiation data. 
IR data obtained during the playback periods w a s  bypassed around the tape recorder and 
transmitted directly to the ground stations at a non-accelerated rate. These direct trans- 
missions were simultaneous with the playback transmissions. Use  of this technique in- 
sured against loss of radiation data which was measured during the playback period. 

Provisions were included which allowed the system to 
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Figure 21. Predicted Power Supply Energy for 65 Percent and 
100 Percent Sun-Time Orbits 

The operation of the subsystem was controlled by an "interrogate" pulse which was gen- 
erated in the TV picture subsystem. An infra-red control unit, built by RCA, supplied 
three pulses of three distinct durations. These pulses provided time references based on 
the satellite's spin rate, the camera shutter command, and the ground-initiated end-of- 
tape pulse. 

The electrical operating power for the IR subsystem was derived from the satellite ' s 
power supply subsystem. The satellite ' s transmitting-antenna (including the coupling and 
matching network) was used for transmitting the measured IR data to the ground stations. 

The NASA-supplied portion of the IR subsystem essentially consisted of a scanning, five- 
channel radiometer (FCR) unit; a non-scanning, two-element, widefield radiometer (WFR) 
unit; a continuous-loop magnetic-tape recorder; and an IR transmitter. Other parts of 
the subsystem included a commutating switch, subcarrier oscillators, a DC-to-DC con- 
verter (power supply), and related electronics. The IR electronics, the IR transmitter, 
and the tape recorder were contained in a sealed, cylindrical cannister. 

The FCR unit consisted of a group of five thermistor-flake bolometers, each of which 
employed a suitable filter to provide sensitivity to wavelengths in a selected portion of the 
electromagnetic spectrum between 0 . 2  and 30 microns. The sensors alternately viewed 
the earth through an opening in the baseplate and viewed the sky (for reference purposes) 
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through an opcning in the side wall of the hat. The planes of the upward (sky) and down- 
ward (c:ti*th) ficlds of view were both at a 45-degree angle lrom the baseplate horizontal 
reference. A system of prisms and five chopping whecls alternated the sensor 's  view 
between the upward 2nd downward directions. 

Thc non-scanning, WCR unit was mounted on the satellite's baseplate and was oriented to 
view the earth in a downward direction parallel with the spin axis. The unit consisted of 
one black and one white thermistor-flake bolometer; each bolometer w a s  mounted at the 
apex of a separate cone, and was identified as either the black cone o r  the white cone. 
Initially, provision had been made for the use of a gray cone; however, this cone was not 
included in the TIROS II satellite. 

The channel assignments for the FCR and WFR units were as follows: 

Spectral Response Range 
Channel (Microns) Measurement Function 

1 5 . 9  - 7.0 
2 0 . 6  - 0.8  
3 0 .2  - 5.0 
4 7.5 - 3 0 . 0  
5 8.0 - 12.0 

Black Cone 0 . 2  - 50.0 

White Cone 8.0 - 12.0 

Radiation from earth' s troposphere 
Visible spectrum for reference 
Earth 's  Albedo 
Earth 's  total emission 
Surface o r  cloud emission 
Earth 's  total reflective and thermal 

Earth 's  thermal radiation 
radiation 

The five-channel and wide-field radiometer outputs, as well as the telemetry and calibra- 
tion signals from sensors within the IR package, were applied to six audio-frequency sub- 
car r ie r  oscillators of a self -contained F M  /FM transmission system. Time reference 
signals from the IR control unit were applied to a 7th, tuning-fork controlled, subcarrier 
oscillator as downward amplitude modulation. This oscillator also served as a frequency 
reference fo r  calibration of the tape -recorder speed. 

2. Functional Description 

A functional diagram of the overall infra-red (IR) subsystem, and the associated ''com- 
mon" satellite components, is shown in Figure 22. The modulation and summation net- 
work consists of six sub-carrier oscillators, designated channel 1 through channel 5, and 
a summing network. Channels 1 through 5 of the network are frequency modulated by the 
outputs of the five-channel radiometer (FCR); the channel 6 oscillator is frequency modu- 
lated by the 0 .2  to 50p and the 5 to 501.1 IR inputs, and by the telemetry and calibration 
data inputs. These inputs are sequentially applied to the network by the time-sharing 
switch. 
vides a standard-frequency Source for the tape recorder, and provides a signal to  the 
modulation and summation network: which is amplitude modulated with spin-rate, TV 
camera, and end-of-tape data. The signal from each of the seven sub-carrier oscillators 
has a bandwidth of 50 cps and is separated from its neighboring signals by 15 cps. 

The channel 7 sub-carrier oscillator, a tuning-fork controlled oscillator, pro- 
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Figure 22. Infra-Red Subsystem, Block Diagram 

The outputs of the seven sub-carrier oscillators are united into one complex signal by the 
summation portion of the modulation and summation network. Except during playback, 
the complex signal is applied through the record amplifier and recorded on magnetic tape. 
When the IR package is interrogated and playback begins, the complex signal bypasses the 
recorder and is applied directly to the playback amplifier. The amplifier applies this 
direct signal along with the recorded signal, which is being played back at an accelerated 
rate, to the IR transmitter. 
matching network, and radiated by the satellite's transmitting antenna. 

The transmitter output is coupled through the coupling and 

The accelerated playback of data (playback occurs 30 times faster than recording) in- 
creases the frequencies of the played-back data by a factor of 30. Because of this fre- 
quency multiplication the lowest played-back frequency is 100 cps x 30, o r  3000 cps, and 
is easily distinguishable from even the highest direct frequency which is only 410 cps. 

3. IR Electronics 

a.  Funct iona l  Opera t ion  

The E ~!eztrscica SYSki i i  ~ 5 s  Lasicaiiy an Fivi/ P IVI telemetry system that included I - -  - 

a tape recording device for storing the data gathered by the satellite and for playing back 
that data when so commanded. Figure 23 is the block diagram for the IR electronics. 
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The components that comprise the IR electronics are the main deck, the DC-to-DC con- 
verter,  the tape recorder, the motor speed-control chassis, and the RF  transmitter. 

Figure 24 is the data flow diagram for the IR heat-mapping subsystem. The outputs 
of the scanning radiometer are balanced, push-pull, d-c potentials whose amplitudes can 
vary from approximately &O. 2-volt d-c to *6-volts d-c. (The %O. 2-volt level represents 
the lowest noise level output that can be expected from the radiometer, while the *6-volt 
level represents the saturation output level. ) The outputs from the radiometer shift the 
frequency of the sub-carrier oscillators by an amount which is directly the level of the 
detected IR energy. The frequency ranges of the five related sub-carrier oscillators are 
shown in their respective blocks in Figure 24. 

Inputs to the channel 6 sub-carrier oscillator (SCO) are controlled by the time 
sharing switch. The switch, consisting of three banks of cam-actuated micro-switches, 
supplies a format of 40 information bits to the SCO during each four-minute interval. 
These 40 information bits are derived from the ten inputs listed in Table 5; the format of 
the bits is shown in Figure 25. 
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RADIOMETERS -------- 
5 I 5.9 - 7 . 0 ~  

E I 8 -12p 
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A I  
.2 - 5p 
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Figure 24. IR Electronics, Data Flow Diagram 
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( I  FRAME ) 

Figure 25. Format of Output from IR TimeSharing Switch 

TABLE 5. INPUTS TO TIME SHARING SWITCH 

Reference Designation 

Th 1 

Th 2 

S 

s2 

s4 

R1 

R2 

R3 

R4 

P 

Identification 

Thermistor which monitors temperature of 
main deck electronics 

Thermistor which provides reference tem- 
perature of scanning radiometer housing 

Thermistor in black cone of wide field 
radiometer (WFR) 

Thermistor in white cone of WFR 

Thermistor which provides reference tem- 
perature of WFR housing 

0 percent channel 6 calibration frequency 
(427 cps) 

50 percent channel 6 calibration frequency 
(450 cps) 

100 percent channel 6 calibration frequency 
(473 cps) 

Synchronizing frequency calibration (48 3 
CPS) 

Pressure transducer which monitors 
pressure inside canister 
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The channel (i SCO is a phase-shift oscillator whose frequency is a function of the 
resistance of its frequcncy determining element. The resistance of this element is con- 
trolled by the time sharing switch. The resistance values used to produce the normal FM 
frequcncy range of 427 cps to 473 cps are between 250 ohms and 1250 ohms. A resistance 
value of 1400 ohms is used to produce the 483-cps, synchronizing-frequency, output of 
the oscillator. 

The channel 7 SCO, a tuning-fork controlled oscillator operating at 550 cps, pro- 
vides two outputs. One output is a CW signal which serves a s  a standard-frequency for 
regulating the output frequency of the a-c motor section of the speed-control circuit. The 
second output is amplitude modulated by the spin-rate, camera-source, and end-of -tape 
pulses. This signal is fed to the summing network. 

The summing network consists of the series resistors in the output of each SCO and 
a common summing (terminating) res is tor  which serves as the input resistor for the rec- 
ord amplifier. The summing network also contains a summing resistor for the playback 
amplifier so that the composite data signal can be fed directly to that unit when the tape 
recorder is playing back the recorded information. This ensures that current IR data will 
not be lost during playback of stored data. 

During the recording cycle the compositie signal from the summing network is fed 
to the tape recorder via the record amplifier. An 8-ltc erase oscillator is included in the 
record system to clean the tape prior to each recording operation. The tape recorder 
records from a 137.5-cps synchronous power source at a rate of 0.4 inches-per-second. 
To accommodate this recording rate during the entire 100-minute orbit period, the recorder 
was equipped with a 200-foot continuous tape. 

During playback the composite signal is picked-off the tape and fed to the playback 
amplifier. The playback speed is 30 times the record speed. Therefore, the composite 
signal frequencies a re  multiplied by a factor of 30 (i.e. 100 cps on record becomes 3000 
cps on playback). Also during playback, the IR data that is being currently sensed is fed 
directly from the summing network to the playback amplifier. Since the frequencies of 
the played-back data a re  30 times those of the current data, no difficulties a re  encountered 
in separating the data at the ground stations. 

The playback amplifier furnishes the necessary modulation input level for  the RF 
transmitter modulator. The FM output of the transmitter i s  fed through the R F  trans- 
mission system which is common to all components of the TIROS satellite. 

The a-c section of the motor-speed control provides a 137.5-cps, 1-phase, power 
source for  the chopper motor in the scanning radiometer, and a 137.5-cps, 2-phase, 
power source for the record motor in the tape. recorder.  The 137.5-cps frequency for 
the power source is maintained by use of the 550-cps standard-frequency input from the 
channel 7 SCO. 

The d-c section of the motor-speed control chassis generates 16-volt d-c power to 
drive the playback motor in the tape recorder. A speed control a-c signal, with a nominal 
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frequency of 585 cps, is generated by a small alternator attached to the shaft of the d-c 
motor. This a-c signal i s  fed to the d-c motor electronics as  a correction voltage that 
holds the motor-speed constant (within *l percent) over the specified temperature range. 

The DC-to-DC converter, or  record power supply, remains on a s  long as  the -24.5 
volt d-c satellite power source is operative. The playback supply comes on only during 
the satellite ' s playback sequence. 

b. Interrogation Sequence 

Figure 26 shows the circuitry that controls the playback and record sequences of the 
IR subsystem. Upon conclusion of the 28-second warm-up period for a TV system play- 
back sequence, an interrogate pulse is generated by the satellite's auxiliary control unit 
and applied to the IR interrogate relay. This action s ta r t s  the IR playback sequence. 

When the interrogate relay energizes, 24.5-volts d-c i s  applied to relay K3, causing 
that relay to "set. " The "set" contacts of K3 connect the power source to the transmitter 
filament power supply (to initiate the warm-up period) and to the 25-second, time-delay 
circuit. 

KI a K Z  COIL 
SHUTOFF COMMAND 

.. 
POWER SUPPLY I 

- E 4 3  
VDC 

I I ERASE - BIAS OSC. 

I FROM RECORD 
POWER SUPPLY 

I 
I - 

RECORD- PLAYBACK HEAD 

I TRANSMITTER FILAMENT + l2VDC 
RECORD I 

+ I 2  6 VDC SUPPLY 

INTERROOATION 

I/L SECOND CLOSED 

(MAIN DECK) 

RESET 

CAM ACTIVATED 
YICROWSWITCH ON 
TAPE RECORDER 
0.05 SECOND CLOSED 
2 2 5  SECONDS AFTER 
START OF INTERROOATION 

R E S E T  C O I L S  ON 
R E L I V S  K I .  K2,  0 K 1  N O T E :  ALL RELAYS ARE SELF-  LATCHINO TYPE 

Figure 26. Interrogation-Sequence Control Circuits, Block Diagram 
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After 25-seconds the time-delay circuit energizes relays K1 and K2. Relay K2 
switches the tape recorder 's  record-playback head from the record amplifier to the play- 
back amplifier. Relay K1 de-energizes the erase-bias oscillator, and applies power to 
the playback power supply and the playback drive motor. When in operation the playback 
motor de-couples the record motor by activating a clutch mechanism. The playback 
power supply energizes the playback amplifier and furnishes a shut-off command to the 
time-delay circuit which then removes the "set" current from the relay coils. However, 
the relays are of the self-latching type and remain in their "set" positions. 

After 200 seconds (225 seconds including warm-up) of playback operation, a micrs- 
switch on the tape recorder is momentarily activated to energize the "reset" coils on re- 
lays K1, K2, and K3. When "reset, " these relays stop the playback sequence and return 
the subsystem to the record condition. 

4. I R  Control 

a. General 

The IR control unit was  added to the TIROS I1 satellite to provide the three time and 
events signals required by the NASA infra-red experiment. Although two of these pulses 
were already available in the satellite's TV subsystem and the third was to be transmitted 
from the CDA stations, the characteristics of these signals were different from those re- 
quired for inputs to the LR experiment. Accordingly, an IR control unit was evolved that 
would shape and standardize the inputs to the IR experiment. The design of this unit in- 
corporated circuits which had been used and proven in other components of the TIROS 
satellite. 

b. Functional Description 

The logic and schematic diagrams of the IR control unit are shown in Figures 27 and 
28grespectively. Basically the unit consisted of three one-shot multivibrator circuits. 
One circuit was triggered by the '9" tone from the CDA station to provide a 1.0-second 
end-of-tape pulse; the second and third multivibrator circuits were triggered by inputs 
from the TV subsystem to provide spin-rate and camera-source pulses having durations 
of 0.5 second and 1 .5  seconds, respectively. 

The end-of-tape output marks the IR tape at a 'known-time" and thus serves as a 
real-time mark during tape playback. This pulse is initiated from the interrogating CDA 
station by means of a "J" command tone. The tone ''J" command, sent during the play- 
backsequence of the program, is separated from the command carrier and applied to 
AND gates Q1 and Q2 as an audio frequency. The AND gates, audio-frequency emitter 
followers, a r e  enabled only during playback 1 or  playback 2. This prevents spurious 
pulses, which might be received during a different program sequence or  during other ps r -  
tions of the satellite's orbit, from reaching t h e  "J" tone filter EX! tkx mici.;;;izes the 
possibility of spurious end-of -tape pulses. 

5 This illustration i s  printed on a foldout page located at the rear of this Section. 
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Figure 27. Infra-Red Control Unit, Logic Diagram 

The "J" tone filter passes the "JT" command tone while attenuating any other com- 
mand tones that might be present while the AND gates are enabled. After several cycles 
of the '3" tone have been received, the output of the filter builds sufficiently to turn on the 
detector. The detector output is filtered and differentiated, and then used to trigger the 
1.0-second multivibrator. 

The one-shot multivibrator i s  of the complimentary NPN-PNP type with both tran- 
s is tors  turned off during the "off" portion of the output. Since the multivibrator is trig- 
gered only once per  interrogated orbit, the use of this "both off" technique results in a 

I , considerable power savings. The multivibrator is triggered by the positive spike of the 
differentiated output from the detector. Multivibrator action produces a positive -going 

of the emitter-base threshold voltage for the transistors. The duration of the output pulse 

I 

waveform at the base of transistor Q5. Thermistor RT1, in the base circuit of transistor 
Q4 compensates for the temperature coefficient of timing capacitor C8 and for variations 

is held to 1 .0  second 65 percent over the temperature range of -10 to +60 degrees centi- 
grade. 

I 

I 
The 1.5-second and the 0.5-second one-shot multivibrators are very similar in 

The point selected for triggering depends upon the operation to the circuit described. 
I 
I polarity of the available source. 
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The 1.5-second multivibrator provides one output pulse €or each camera-shutter 
operation. Since each TV camera system has a direct and remote mode, the circuit is 
designed to accept any one of four inputs. The "direct" commands are differentiated and 
then applied to the 1.5-second multivibrator through the diode OR gate. The '%emote" 
shutter commands can occur either simultaneously or separately. These signals are also 
applied through the OR gate to the multivibrator. 

The 0.5-second one-shot multivibrator is triggered by the output from one of the 
north-indicator sensors located about the periphery of the satellite. The positive-going 
output of the sensor is preamplified before being applied to the IR control unit. This pre- 
amplified signal is coupled through diode CR16 and triggers transistor Q10, the N P N  
transistor of the 0.5-second multivibrator. The one-shot multivibrator is  triggered once 
every 4 to 6 seconds, depending upon the satellite's spin rate. 

The outputs of the 0.5-second and 1.5-second multivibrators a re  negative-going 
pulses whose periods are held to within *5 percent of their respective nominal durations. 
A thermistor -resistor combination in each multivibrator ensures pulse-width stability 
over the -10 to +60 degrees centigrade temperature range. The output from either the 
1.5-second or the 0.5-second multivibrator can "turn on" amplifier Q11. This amplifier 
provides a low impedance output with adequate load isolation. 

The interrogate command, which starts the IR playback sequence, is generated in 
the auxiliary control unit each time that a playback command (PB1 or PB2) is received. 
Although the interrogate command presently has no function within the IR control unit, it 
may be used in future units as an enabling trigger for a gate in the end-of-tape pulse cir- 
cuit. An interrogate-command monitoring signal is provided on the IR control chassis to 
facilitate checking the sequencing of the other IR commands. 

e. T e s t i n g  

The IR control unit received initial breadboard tests over the required temperature 
range. A non-flight engineering model was constructed for a layout check and was wired 
into the prototype satellite for a system check. The input OR gates for the direct shutter- 
pulse trigger were changed from d-c to a-c coupled to eliminate feedback from the non- 
operating camera control. The "J" tone filter was found to "ring" on the second harmonic 
of the set pulses. A loading resistor a t  the filter output and a reduction in threshold of 
the one-shot eliminated the tendency for the one-shot to trigger on the ringing. R F  in- 
terference from the TV transmitter was found to occasionally trigger the shutter pulse 
1.5-second one-shot. A small resistor-capacitor filter in the base lead of Q7 bypassed 
the unwanted pickup. 

F. MAGNETIC ATTITUDE CONTROL SUBSYSTEM 

1. !nt:cdu;:isii 

The magnetic attitude control subsystem was one of the major additions to the TIROS I1 
satellite. This subsystem afforded control Over the path of the satellite ' s spin-axis, and 
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thus assured optimum operation of the IR experiment, the TV subsystem, and the solar 
cell power supply. The need for the subsystem was  established a s  a result of the analy- 
ses of spin-axis motion, which were  made during the operational evaluation of the TIROS I 
system. These analyses indicated that the differences between the predicted and ob- 
served spin-axis motion was caused primarily by the torque resulting from the interaction 
of the satellite ' s magnetic dipole moment and the ear th ' s  magnetic field. 

Further analyses of the observed motion of the spin axis lead to the conclusion that the 
TIROS I satellite's net dipole moment was  equivalent to a current of 0 .9  ampere flowing 
in a plane normal to the spin-axis and enclosing an area of one meter squared. Although 

1 . 6  x 10-5 ft-lbs., this torque was sufficient to cause the spin-axis to precess at a rate 
of approximately 4 degrees-per-day. 

the maximum torque caused by a dipole moment of 8 . 9  ampere-turns-meter 2 was only 

The primary steps in providing for  attitude control of the TlROS PI satellite were: 

(1) the reduction of the residual dipole moment in order to decrease the rate of 
unwanted precession; and 

(2) the development of a means by which known dipole moments could be pro- 
grammed into the satellite in order to inGuce a desired ~reeess icn.  

Before the residual dipole moment of the TIROS 11 satellite could be reduced, the strength 
and direction of the dipole moment for each of the satellite's operational modes had to be 
measured. These measurements were made by using the test  apparatus shown in Figure 
29. The outer sphere of the apparatus consisted of two specially wound spherical coils. 
One coil was used to measure the satellite's dipole moment; the second coil was used to 
cancel the ea r th ' s  magnetic field so that induced eddy currents, and dipole moment noise, 
would be held to a minimum. (A detailed description of the test apparatus and the test 
procedure are presented elsewhere in this section of the report.) 

Once the satellite ' s  residual magnetic dipole moments were established, a small perma- 
nent magnet was added to the satellite to effectively cancel the measured dipoles. The 
dipole moment was then remeasured for all modes of satellite operation to ensure that its 
average was close to zero. 

The device selected for allowing dipole moments to be programmed into the satellite was 
a coil of wire wrapped about the periphery of the satellite. The current through this coil - 
was controllable from the TIROG ground stations so that eleven different dipole moments 
could be introduced. The values of these dipole moments ranged from +3 to -3 ampere- 

2 turns-meter . 

In order to minimize the power that would be consumed by the attitude control coil, the 
number of turns of wire  was limited to 250. The coil was made from aluminum wire 
rather than copper wire; this resulted in  a weight savings of one-half pound. In order to 
induce the desired dipole moments, it was necessary to provide for current-flow in both 
the positive and the negative directions. Since the only available voltages were negative 
in respect to the ground, neither end of the attitude control coil could be permanently 
grounded. 
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The electronics for the magnetic attitude control was basically a stepping switch which 
received its control inputs €rom the auxiliary control electronics. Stepping of the switch 
was  achieved whenever the attitude command tone, initiated by the ground station, was 
transmitted for the required interval o€ time. A position-readout provision was included 
so that the position of the switch could be telemetered to the ground station. The position 
readout took place each time the switch was stepped. This position readout could be 
achieved without changing the switch position (current in the coil) by terminating the con- 
trol tone in less than the required interval. 

2. Attitude Control Electronics 

a. General 

The electronics for  the magnetic attitude control had two functions: First, it pro- 
vided a means for changing the current in the attitude control coil; Second, it afforded a 
means of telemetry readout of the position of the attitude control switch. The design of 
attitude control electronics was greatly influenced by the compressed time schedule, 
Whenever possible, circuits were used that had already been proven in other applications 
within the TIROS satellite. 

Initial studies of the overall attitude control functions indicated that attitude-control 
programming would not be required at frequent intervals. Therefore, it was concluded 
that a stepping switch, controlled by a single control pulse, would provide adequate re- 
liability. The use of this system permitted a much simpler circuit design than would have 
been possible if a binary coded system had been employed. 

A time delay circuit was included in  the attitude control electronics. The delay cir- 
cuit prevented the attitude control switch from advancing unless the command tone was 
received for a given interval without interruption. This time delay afforded a means by 
which the position of the attitude control switch, and hence the level of the current flowing 
in the coil, could be telemetered to the hound station without resulting in stepping action 
of the svyitch. 

b. Functional Description 

Figure 30 is a block diagram of the attitude control electronics. Operating voltage, 
-26.5 volts d-cy is applied to the attitude control electronics only during a playback or 
direct camera sequence. The operating voltage is applied, from control relays in the 
camera system that is being programmed, approximately 28 seconds after the start of the 
sequence. 

The audio control tones, initiated by the ground station, are applied to the attitude 
control electronics via the control unit of the camera system in operation. The inputs are 
applied to OR gate 1 through either emitter follower 1 or emitter follower 2. The output 
of the OR gate is applied to the 4-percent bandpass filter. This filter passes the attitude 
command frequency (Tone C )  while greatly attenuating the other command frequencies. 
Upon receipt of the tone C input, the relay driver energizes either relay K1 or  K2, 
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dqwnding upon which camera system is in use.  When either relay picks-up, the attitude 
tclcmetry ciixuit is connectcd to om O F  the bcacon transmitters, and the -26 volts d-c is 
:qq)lictl to tho ticlay circuit. 

The attitude telemetry circuit is basically a voltage divider network. The output 
of the network is a d-c voltage whose level is proportional to the position of the attitude 
control switch (current through the attitude control coil). The delay line prevents the 
attitude control switch from stepping un t i l  the tone C command has been received for 
the required interval. This delay line permits the position of the attitude switch to be 
monitored without causing the switch to advance. 

The normal vibration and thermal-vacuum tests were performed on the prototype 
and flight model units. The units met the design specifications for pulse-width and pulse- 
amplitude over the required temperature range in vacuum. 

If the tone C input is present for the required interval, the attitude stepping switch 
advances one position and changes the current through the control coil by changing the 
value of resistance in  series with it. Since only one voltage polarity is available, the 
stepping switch is wired so that when the switch steps past the "home" position the ground 
acd pnwer sides of the coil are reversed. The following tabulation lists the dipole moment 
which is imparted to the satellite in each position of the attitude control stepping switch, 
as well as the level of telemetry voltage used to represent each position of the switch. The 
schematic diagram of the attitude control electronics is shown in Figure 315. 

Switch Dipole Moment Telemetry Voltage 
Position (Ampere-Turns-Meter 2 ) (Volts D-C) 

0 0 

1 -2.84 

2 -1.35 

3 -1.02 

4 -0.70 

5 -0.35 

6 0 

7 +2.9 

8 + l .  35 

9 + l .  02 

10 + O .  70 

0 

-0.25 

-0.75 

-1.25 

-1.75 

-2.25 

0 

-2.5 

-2 

-1 .5 

-1 

11 + O .  35 -0 .5  

5 This illustration is printed on a foldout page located at the rear of this Section. 
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3. Determination o f  the Satel l i te's Dipole Moment 

0. Experimental Apparatus* 

The apparatus used for determining the satellite's dipole moment is shown in Fig- 
ure 29. Basically, this apparatus consists of a gimballed mount and a 100-inch sphere. 
The mount, which has three degrees of freedom, is cantilevered so that its center is 
coincident with the center of the 100-inch sphere. The mount is driven only along one 
axis; the other two axes a re  locked into whatever position is desired. This arrangement 
of the mount allows the unit under test to be spun about any arbitrary axis at a speed which 
is continuously variable between zero and 120 rpm. 

The inclination of the ear th ' s  magnetic field at the latitude of RCA's  facility near 
Princeton, New Jersey, is approximately 72 degrees when measured from the horizontal. 
In order to provide cancellation of the ear th ' s  magnetic field within the sphere, the spe- 
cially wound spherical coils had to make an angle of 18 degrees with the vertical. The 
great circle (of the sphere) that had this 18-degree inclination was chosen as the separa- 
tion plane to facilitate sphere removal and to allow access to the gimbal mount. 

The sphere is constructed almost entirely of rolled aluminum extrusions; the only 
exceptions being the polar caps. These caps are machined disks. The meridian r ibs  are 
channel members 3 /4-inch square with 1 /8-inch wall thickness. The equatorial mating 
members are 2-inch angle sections 1/8-inch thick. The overall sphere weighs less than 
100 pounds and, with the addition of 80 pounds of No. 26 copper wire, supports its own 
weight with negligible deflection when resting on one polar cap. 

The gimbal structure is cantilevered primarily to achieve a high degree of accessi- 
bility for  sphere removal and test body insertion. The gimbal is a 4-inch aluminum H 
section with mitered, welded corners. The inner gimbal carr ies  all the lighting fixtures 
(required for simulating orbital day) arranged in three groups. A flat plate, 40 inches in 
diameter, mounting fifty-two 150 -watt bulbs provides near-uniform illumination for the 
top section of TIROS. Two identical rings, mounting eighteen 300-watt bulbs each, are 
provided on either side of TIROS to illuminate its sides. Only half of these lights, 180 
degrees of arc,  a r e  illuminated at any one time. This grouping of lights is rotated elec- 
trically at 12 rpm to simulate the sun ' s  illumination on the sides of a rotating satellite. 
This is accomplished by a motor-driven bank of 18 cam-operated microswitches. 

Power l ines for these lights, as well .as other control wires, pass through heavy- 
duty silver s l ip  rings on the main support shaft. The gimbal drive system is by belt from 
a 1/3-hp, variable speed, d-c motor. 

Auxiliary test apparatus included a Krohn Hite, Model 330M, Ultra-Low Frequency 
Band Pass Filter, and a Tektronix Type 532 oscilloscope equipped with a Type 53/54E 
low frequency preamplifier. This equipment was required for measuring the currents in- 
duced in the sphere 's  measurement coil. 
rents had a frequency equal to the frequency of rotation of the satellite within the measuring 

The signal that resulted from the induced cur- 

*The theoretical considerations involved in the development and the use of this apparatus 
are described in Appendix B of this report. 
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coils (approximately 1 cps). The magnitude of this signal was usually under 5 milliwatts 
peak-to-peak. The 60-cycle noise "picked-up" by the coil was many times greater than 
the signal, as  was the 2-cps signal caused by induced eddy currents. In order to reduce 
the magnitude of these unwanted signals, the output of the measuring coil was applied 
through the band-pass filter before being applied to the oscilloscope for measurement. 

The upper and lower cut-off frequencies of the filter were set at the frequency of the 
satellite's rotation; this produced a narrow frequency-response band that was 2 db down 
at the signal frequency and which dropped at the rate of 24 db-per-octave on either side of 
the signal frequency. 

The oscilloscope was adjusted to sweep upon receipt of a signal from the rotating 
satellite. A Polaroid oscilloscope camera was used to record the oscilloscope display. 

b. Calibration o f  Apparatus 

Before the satellite was tested, the response of the measuring system and the mag- 
netic dipole of the rotating experimental structure had to be determined. This was  ac- 
ccmplished with the aid of two calibration coils which were mounted on the spinning part 
of the equipment. The axis of one of the coils w a s  paraiiei to t'ne spiii z x h  of the satellite; 
the other coil axis was perpendicular to the spin axis. Current was supplied to these coils 
from external power supplies through the slip rings. 

The rotating structure, with the satellite, was spun at the test frequency of 1 cps. 
With no current through either of the calibrating coils or through the cancellation coil, the 
measuring coil registered a high-amplitude 2-cps signal, and a low amplitude 1-cps sig- 
i d .  The Krohn Hite filter was set to pass only the 1-cps signal and to filter out the sig- 
nal components of frequencies higher than 2 cps. The 2-cps signal, which was produced 
by eddy-currents was reduced by cancelling out the field inside the sphere. This was done 
by passing a current through the cancellation sphere and observing the induced signal. 

Once the 2-cps signal was reduced to a minimum, the two calibration coils were  
used to determine the net magnetic dipole of the rotating structure and to determine the 
sensitivity of the testing equipment. The former was accomplished by adjusting the cur- 
rent through the two coils until the first harmonic was reduced to zero. When this was 
done, the dipole created by the calibration coils was just equal and opposite to that of the 
rotating machine. 

In order to test the response of the measuring equipment, the current through the 
calibration coil at right angles to the spin axis was kept constant, while the current through 
the other calibration coil was varied. The total area of the latter coil was 1.46 meter2. 
From pictures similar to those shown in Figure 32, it was determined that a magnetic di- 
pole of 1 ampere-turns-meter2 would produce a signal of 2.04 millivolts peak-to-peak; 
that is, the circuit sensitivity was 0.492 ampere-turns-meter2 /millivolt. This value was 
checked for each phase of the test procedure, and was  found to remain Constant. 
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a 

0 s cillo s cope Di splay With 
Calibrating Dipole of 
+ O .  146 Ampere-Turns- 
Meter2 

b 

Oscilloscope Display With 
Calibrating Dipole of 
-0.292 Ampere-Turns- 
Meter2 

C 

0 s cillo s cope Display With 
Calibrating Dipole of 
-0.89 Ampere-Turns- 
Meter2 

Figure 32. Magnetic-Dipole Moment, Calibration Oscilloscope Patterns 

c. Measurement Procedure 

The satellite was mounted within the test sphere and rotated at one revolution-per- 
second. The band-pass filter was centered at 1-cps; the calibration coils were connected 
into the test circuitry; and the cancellation-coil current was adjusted to reduce the second- 
harmonic noise to a minimum. The oscilloscope was adjusted to sweep when it received 
an input from measurement coil so that the phase of the induced voltage, relative to the 
rotation of the satellite, could be determined. 

After the calibration was checked, the net dipole moment of the satellite was deter- 
mined using two different methods. The first method involved taking a picture of the oscil- 
loscope trace and using the calibration and phase information to compute the component of 
the magnetic dipole along the spin-axis as well as the component perpendicular to i t .  The 
second method involved cancelling out the components of the dipole moment by passing cur- 
rent through the two calibration coils. Usually, both methods were used when power was 
not applied to the satellite, or when the satellite was in the "nighttime" standby mode of 
operation. 

Only the dipole moment along the satellite's spin axis was of interest when the satel- 
l i t0  'L1,om 

..UU ir; iiiglitiime standby. Therefore, when the first method was used to check the 
nighttime dipole, a current was made to flow in one of the calibration coils in order to 
cancel out the perpendicular component of the dipole. In order to determine the daytime 
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dipole moment, the test lights were turned on to simulate the sun and the currents (signals) 
induced in the measuring coil were recorded by the oscilloscope camera. 

Figure 33 depicts the differences between the daytime and nighttime dipole moments 
of the TIROS I1 satellite. The figure shows that the daytime current loops resulted in  one 
dipole moment parallel to the spin axis and one perpendicular to the spin axis. Since the 
time during which the satellite could be kept running without recharging was limited, no 
attempt was made to cancel the perpendicular moment through use of the calibration coils. 
Other modes of satellite operation for which the dipole moment was checked included: 

(1) Direct picture taking and transmitting with alternate cameras 

(2) Remote picture taking and storage with alternate cameras 

(3) Playback and transmission of the stored information of each camera during 
day and night conditions 

Two complete series of tests were necessary for each satellite. A f t e r  the first ser ies  
of tests, a small magnet, which had the same strength dipole as the average satellite dipole, 
was placed on the satellite in such a way as to cancel out the dipole moment. The satellite 
was t.hen retested with the magnet in  place. 

d.  Results 

Tests were run on three different TIROS I1 satellites. The results of these tests 
indicated that all three of the satellites had magnetic dipole moments of the same order of 
magnitude as had been calculated for TIROS I. When the TIROS I1 satellites were tested 
with power off, a large percentage of their magnetic dipole moment remained. 
that magnetic material had had an appreciable effect on the motion of the TIROS I satellite.) 

(This showed 

The most important mode of operation in  terms of contributing to the average dipole 
moment was the standby mode. It was determined that the nighttime magnetic dipole caused 
by current loops was small (less than 0 . 1 0  ampere-turns-meter ), while for daytime oper- 
ation it was as large as 0 . 3 5  ampere-turns-meter . This daytime variation was attributed 
to the battery charging current from the solar cells. Other operational modes differed from 
the standby mode by as  much as 60 percent. Although the other operational modes did not 
greatly influence the average dipole moment under normal operating conditions, it was con- 
sidered possible that an unexpected method of operation might cause some mode other than 
standby to be of significance. 

2 
2 

The basic uncompensated, standby-mode, dipole moment of the TIROS I1 satellite that 
was launched on November 23, 1960, was 0 . 9 7  ampere-turns-meter2 for orbital night con- 
ditions and 1 . 3 9  ampere-turns-meter2 for  orbital day conditions. Pr ior  to launch these 

2 basic values were reduced to -0 .31  and +O. 10 ampere-turns-meter , respectively, by the 
addition of the small bar  magnet. 

During the tests, the magnetic control coil was calibrated. The tests showed that the 
presence of the small amount of ferromagnetic material in the satellite did not measurably 
change the effectiveness of the coil. Thus, the magnetic dipole of the control coil was 
simply poIA. 
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a. Nighttime b. Daytime 

Figure 33. Standby Dipole Moments of Satellite 

The following tabulation lists the magnetic moments of the TIROS I1 satellite model 
F-2 with no current flowing through the control coil. The values listed were measured after 
a permanent magnet, having a strength of -1.30 ampere-turns-meter2, had been added to 
the satellite. 

TABLE 6 .  MEASURED MAGNETIC DIPOLE MOMENTS OF SATELLITE F-2 

Operational Mode 

Standby 

Remote-Picture taking with 
both cameras in sequence 

Playback-Camera 1 

Playback-Camera 2 

Direct 1 

Direct 2 

Magnetic Dipole Moment 
(Ampere - Turns -Meter 2, 

Orbital 
Day 

+o. 10 

+ O .  42 

+ O .  08 

+ O .  05 

+O. 26 

+o. 11 

0 rb i t a1 
Night 

-0.31 

-0.53 

-0 .62  
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G. ANTENNA SUBSYSTEM 

1. General 

The satellite antenna subsystem provided a means for the reception of command signals 
from the CDA station and for the simultaneous radiation of energy from four separate trans- 
mitters (two beacon, one IR, and either one of two TV). The subsystem also provided for 
coupling and matching the receivers and transmitters to the antennas, and for isolating the 
four active transmitters and the two command receivers. 

Basically, the subsystem consisted of a simple dipole antenna for the command receivers, 
and two crossed-dipole antennas (two frequency) and an associated RF matching and cou- 
pling network for the transmitters. Selection of the TV transmitter to be connected to the 
RF matching and coupling network was regulated by the satellite's programming and con- 
trol equipment. 

2. Requirements 

The requirements for the satellite antenna subsystem were: 

a. 

b. 

Circularly polarized radiation from the transmit.ting ante~-ras, 

A radiation pattern as nearly isotropic as possible, with minimum distortion 
due to the satell i te 's  shape. 

Efficient operation in the following frequency bands: c .  

108 Mc (transmission) 

240 M c  (transmission) 

140 M c  (reception) 

d. Simultaneous radiation from four transmitters, two in the 108-Mc band and 
two in the 240-Mc band. 

e .  Simultaneous operation of the receiving circuits and the four transmitters 
listed, with no blocking interference to the receiving system from the satel- 
lite transmitters. 

Mechanical and dimensional characteristics of the satellite antenna subsystem 
within the mechanical and spatial limitations imposed by the form factor of 
the satellite, and the limitations imposed by the launching vehicle. 

f . 

3. Receiving Antenna 

The TIROS 11 receiving antenna, a quarter-wave dipole operating in the 140-Mc band, was 
identical to the TIROS I receiving antenna. It was fed against the satellite and positioned 
in the neutral plane of the transmitting antennas so  as to provide 40 to 45 db of attenuation 
between the transmitter and receiver terminals without the use of a filter. 
the development, and the testing of the receiving antenna are described in Volume N , the 
Classified Supplement, of the TIROS I Final Report (Reference 1). 

The design, 
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I For a detailed description of the design, development, and testing of the transmitting an- 
tenna system, refer to  Volume I1 of the TIROS I Final Report (Reference 1). 

4. Transmitting Antenna System 

The transmitting antenna system, consisting of four dipole elements arranged to form two 
crossed-dipole pairs, was identical to the TLnOS I system. The dipole elements in each 
pair were fed in push-pull, while the pairs were fed in phase quadrature with respect to 
each other. This feed configuration resulted in a 90-degree phase progression from ele- 
ment-to-element around the system and thus achieved circularly polarized radiation. 

Each dipole element consisted of a coaxial sleeve and a rod assembly that were electrically 
connected to each other at the feed point. The sleeve length was set at 0 . 2 5 h  in the 240-Mc 
band, while the rod w a s  allowed to  extend beyond the sleeve a distance which raised the 
terminating resistance of the element from 12.5 + j0 ohms (with no extension) to 50 - jx 
ohm. The -jx reactance was compensated by adjusting the series inductance derived by 
the internal coaxial portion of the antenna. The desired feed-point impedance of 50 ohms 
(non-reactive) w a s  thus achieved for each dipole element in the 240-Mc band. 

The physical length of the rod portion was approximately 0 . 3 h  a t  108 Mc. The feed-point 
impedance of the element at 108 Mc, including the effect of the series inductance of the 
inner portion, measured approximately 150 - jl00 ohms. This impedance was transferred 
to 50 + j0 by means of a transformer and stub arrangement in the coupling and matching 
network. 

5. RF Coupling and Matching Network 

a. Introduction 

The TJROS I1 coupling and matching network was basically an improvement of the 
TIROS I network. Near the conclusion of the TIROS I contract, RCA engineering personnel 
indicated that, in their opinion, a considerable savings in both the weight and the volume of 
the network could be achieved if additional development time were available. Accordingly, 
the TIROS I1 design efforts were aimed at attaining these savings. A description of the ini- 
tial development and design of the coupling and matching network is contained in Volume I1 
of the TIROS I Final Report (Reference 1). 

Basically, the TIROS I coupling and matching network consisted of six components 
(two diplexers and four baluns) . Each component was mounted on an individual printed cir- 
cuit board and was  interconnected with the bther components-by means of coaxial cables and 
BNC connectors. The total weight of the network was 11.5 powds while its volume was ap- 
proximately 320 cubic inches. 

For the TIROS I1 network, RCA devised a system which allowed closer spacing be- 
tween stripline fold-backs and thus allowed more than one component to be printed on a 
single board. This not only reduced the volume of the printed boards; but, more impor- 
tant, it reduced the number of coaxial cables and connectors, and also lessened the re- 
quirements f o r  the mounting brackets and their associated hardware. By using this closer 
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fold-back system, ltCA was able to package the coupling and matching network so that it 
weighed only 2 . 7  pounds and so that its volume w a s  only 26 cubic inches. 

b. N e t w o r k  Requi rements  

The general requirements of the RF  coupling and matching network were as follows: 

(1) To provide simultaneous RF coupling to  the radiating elements for two 108-Mc 
band transmitters and two 235-Mc band transmitters while ensuring a minimum 
"feed-through" between the transmitters. 

To provide sufficient isolation between the transmitters operating in the two 
different frequency bands to prevent interaction between these transmitters. 

To divide the energy from each transmitter into four equal signals that were 
phased so as to  produce a circularly polarized field when radiated from the 
crossed dipole transmitting antennas. 

To achieve an impedance match between the radiating elements and the trans- 
mitters. 

(2) 

(3) 

(4) 

C. D e v e l o p m e n t  and D e s i g n  

Figure 34 is the schematic diagram of the R F  coupling and matching network. Devel- 
opment of the circuitry was achieved during the TIROS I project; the primary efforts during 
the TIROS I1 program were aimed at repackaging the network to reduce its volume and 
weight. 

During the initial phase of the repackaging effort, RCA conducted studies to determine 
the minimum allowable stripline fold-back spacing. The results of these studies showed 
that, for a characteristic impedance of 50 ohms and a board thickness of 1/16 inch (center 
to outer conductor), the center-to-center dimension of the fold-back could be reduced to 
1 / 4  inch without resulting in a significant amount of mutual coupling. By using this mini- 
mum spacing, RCA was able to design the TIROS I1 coupling and matching network so that 
one entire frequency section (one diplexer and two balms) would f i t  on a single board having 
length and width dimensions of approximately 9 inches and 11.5 inches. Each board was 
comprised of two separate plates; each plate consisted of a stripline interconductor that 
was separated by the copper outer conductor by means of a teflon dielectric. 

The board for each frequency section was layed out so that the common points, points 
B , E ,  N ,  and Q of Figure 34, would lie in register when one board was aligned above the 
other. Electrical connection of these common points was effected by making small holes 
in the dielectric and outer conductor of each board through which short copper strips could 
be passed. One end of each copper s t r ip  was soldered to an L2 segment of the 235-Mc 
board while the other end was soldered to the L3 segment of the 108-Mc board. This con- 
nection technique is depicted in the cross-sectional view of the coupling and matching net- 
work shown in Figure 35. 
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A BNC chassis connector was mounted at each of the common points to allow for con- 
nection of the L1 cables from the dipole elements. BNC chassis connectors were also 
mounted on each board so that the transmitters could be readily connected to or disconnected 
from their associated diplexer. 

U s e  of this board-on-board technique permitted the elimination of the interconnecting 
cables within the network itself. The elimination of the internal cabling resulted in a total 
transmission line length (cable plus strip-line) of only 47 feet in the TIROS II network as 
compared to the 60 feet of transmission line required in the TIROS I network. This reduc- 
tion in total length was reflected in an improvement of the insertion loss figure. The TIROS 11 
insertion loss was between 0.2 and 0.3 db in the 108-Mc section and equal to or less than 
0 .5  db in the 235-Mc section. The insertion losses for TIROS I were approximately 0.5 db 
and 0.75 db at 108 Mc and 235 Mc, respectively. 

COPPER OUTER CONDUCTER 

TEFLON -IMPREGNATED FIBERGLASS 

108 MC 
BOARD 

DIELECTRIC 

COPPER OUTER CONDUCTOR 

235 mc FOLDED- BACK COPPER-STRIPLINE 
BOARD CENTER CONDUCTOR 

1/16" 

Figure 35. RF Coupling and Matching Network, Cross Sectional View 

In the TIROS I system, the L1 and L2 cables could be individually tailored to optimize 
the impedance match at 108 Mc. By using this dual control a VSWR of 1.1, or  better, was 
obtainable. In the TIROS 11 system, however, L2 was a printed line and impedance matching 
had to  be optimized solely by adjustment of L1. But, even with this reduced control, the 
VSWR never exceeded 1.3. 

As in TIROS I, the A/2 (at 235 Mc) stubs of the 108-Mc baluns were tailored to  opti- 
mize isolation of the beacon circuits from the 235-Mc TV and the 237.8-Mc IR signals. 
The achieved isolation always exceeded 35 db. 
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Figures 36a and 3Gb show one plate of the 108-Mc and 235-Mc boards, respectively. 
The second plate of each board is a mirror image of the first. A photograph of a 235-Mc 
plate is shown in Figure 3Gc. 
network. 

Figure 37 shows the integrated R F  coupling and matching 

H. DYNAMICS CONTROL 

The dynamics control devices employed on the TIROS I1 Meteorological Satellite included: 
(1) the YO-YO despin mechanism; (2) the TEAM precession damping mechanism; (3) the 
spin-up rockets; and (4) the magnetic attitude control subsystem. The magnetic attitude 
control subsystem w a s  developed to  provide control over the spin-axis motion of the TIROSII 
satellite. The development, design, and testing of this subsystem is described elsewhere 
in this report. 

The despin and precession damping mechanisms, and the spin-up rockets were essentially 
the same as those used on the TIROS I satellite. The only differences were that the despin 
weights were increased to 4 7 . 7  grams each, and the number of spin-up rockets was in- 
creased to ten (five pairs). The need for the increase in despin weight is described in the 
section of this report entitled "Despin Tests. I t  The theoretical considerations for the dy- 
namics control equipment, excluding the magnetic attitude control subsystem, a re  described 
in Volume I1 of the TIROS 1 Final Report (Reference 1). 

1. THERMAL DESIGN 
The thermal response of the TIROS I satellite was in general agreement with pre-launch 
computations. Therefore, the thermal analytical model of TIROS I was considered to  be 
correct. Since the addition of the IR experiment and the attitude control circuit were not 
expected to have any significant effect on the satellite's thermal performance, it was as- 
sumed that the TIROS I analytical model would also be applicable to TIROS 11. 
considerations and basic thermal equations a re  given in Volume 111 of the TIROS I Final 
Report (Reference 1). 

The thermal 

Only one slight modification was made to the TIROS I thermal equations before they were 
used on TIROS 11. This modification was made after analyses of TIROS I telemetry data 
indicated the presence of radiative coupling between the top and side structures of the sat- 
ellite. The effect of the radiative coupling on the resulting calculated temperatures was 
to cause slight cooling of the top structure and slight warming of the side structure, while 
leaving the electronic component temperature unchanged. Since all the electronic compo- 
nents were grouped together in the analytical model as one thermal mass ,  the mass was 
increased slightly to account for the addition of the IR experiment and the attitude control 
system. However, the effect on the resulting component temperature response was negli- 
gible. Figures 38 and 39 are curves showing the forecasted TIROS II satellite temperatures 
for 100 percent and 68 percent sun orbits, respectively. 

Determination of the temperature profile of the orbiting TlROS I satellite was  com- 
plicated by three factors; namely, the limited number of temperature sensors which 
were employed, the location of the sensors,  and the wide-range characteristics of 
the sensors. Accordingly, in TIROS I1 the number of sensors was increased 
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Figure 36. Layout of 108-Mc and 235-Mc Printed Circuit Boards 
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from 8 to 1 2 ,  and the sensors were relocated to  provide a better temperature "map" of the 
orbiting satellite. Also, three different types of sensors were used to  provide greater 
reading" accuracy. One type of sensor, a wide-range sensor identical to  those used in 

TlROS I ,  was designed for linear operation between -30 and +lo0  degrees centigrade. The 
second and third types of sensors were expanded-scale, narrow-range, sensors that were 
designed to  provide linear operation between -20 and +10 degrees centigrade, and between 
+10 degrees and +40 degrees centigrade, respectively. 

I t  

Three temperature sensors, one wide-range and two narrow-range sensors,  were affixed 
to  the satellite s baseplate. This arrangement was designed to  provide overall tempera- 
ture  coverage of the baseplate (-30 to +lo0 degrees centigrade), while also providing a 
higher degree of accuracy in the expected temperature range of -20 degrees to +40 degrees 
centigrade. 

Figure 3 7 .  Integrated R F  Matching and Coupling Network 

Only one temperature sensor was used for checking the temperature of the satellite's side 
panels. The sensor,  of the wide-range type, was mounted on one of the satellite's side 
panels. Use of only one temperature sensor was justified in that calculations based on the 
analytical model showed the satellite s sides to  be isothermal. 

I Three temperature sensors were located on the top structure of the satellite. Since it was 
anticipated that the top would experience extreme temperature variations, the temperature 
sensors mounted on the top were all of the wide-range type. Two of the sensors were lo- 
cated on the inside surface as the top structure; one was mounted three inches from the 
center, the second was mounted eight inches from the center. The two sensors were 
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located in this m:inncr to facilitate detection oi temperature gradients that might be present 
along a radius. The third temperature sensor was mounted through a hole which was drilled 
through the nluniinuin skin of the satellite s top structure and through the epoxy glass board 
on which the solar cells werc mounted. The hole was drilled at a point three inches from 
the ccnter of the top structure. Mounting this sensor directly against the underside of a 
solar cell afforded a means of accurately determining the actual solar cell temperature, 
and also provided a means checking any gradients that  might hc present through the top 
structure. 

Five temperature sensors were located on the satellite ' s electronic components; all of 
these sensors were the narrow-band type and were calibrated to operate between +10 de- 
grees to +40 degrees centigrade. The sensors were mounted on the No. 2 TV camera, the 
No .  2 clock, and the battery package. The component temperatures were expected to stay 
generally within the +10 degrees to  +40 degrees centigrade temperature range. Therefore, 
the temperature sensors were expected to provide accurate temperature data on the com- 
ponents, while eliminating confusion in differentiating between the baseplate and component 
temperatures. The spread between the readings of the five temperatures was expected to 
be small .  The average of these five temperatures was expected to be the average compo- 
nent temperature as forecast by the analytical program. 

J. INTEGRATION OF SATELLITE COMPONENTS 
The arrangement of the components within the TIROS I1 satellite was very similiar to the 
arrangement of components within the TIROS I satellite. The only differences were those 
that resulted from the improvements made on the RF  matching and coupling network, and 
the sun sensors; and the addition of the IR experiment and the attitude control circuits. It 
should be noted that the IR experiment alone weighed approximately 21.5 pounds. 
weight-saving design modifications on other 1IROS I1 components offset a portion of this 
additional weight s o  that, even with the addition of both the IR experiment and the attitude 
control circuit the TIROS I1 satellite weighed only 277.46 pounds (14.2 pounds more than 
TIROS I). 

However, 

The RF  matching and coupling network, which had been redesigned with 8.8 pound saving 
in weight and with nearly a 300 cubic inch saving in volume, was relocated on the top of 
the battery pack. The three boards of the current regulator, which were originally mounted 
on top of the battery rack, were also relocated. 
was mounted "piggy back" on top of the despin t imer;  the two smaller boards (B and C) were 
mounted on the underside of the satellite's baseplate, against intercoastal ribs. 

The major, or A board, of the regulator 

The lift-off switches and separation-event-signal switches, which had previously been in- 
dividually mounted, were mounted on a baseplate as a subassembly. 
assembly was mounted on the satellite's baseplate in such a way as to clear the tubes Of 

the pressure system designed by Douglas Aircraft Corporation. 

In turn, the sub- 

All nine of the north indicator's sun-sensor units were redesigned, and the cast frames in 
which they were mtumted for TIROS 1 were eliminated. This resulted in 2.5-pound saving 
in weight. 
the satellite's cover. 

The sensing units were mounted on flat plates which were attached directly to 
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11. SUNNING RADIOMETER 
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15. VOLTAGE REGULATORS 
TRANSMITTER 

30. ELECTRONIC CLOCK 

Figure 40. Location of TIROS I1 Satellite Components 
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The IR package was mounted in the area that had been prepared (but not used) for this pur- 
pose during TIROS I, and was bolted directly to the baseplate. The IR non-scanning radi- 
ometer had to be mounted below the baseplate in order to accomodate a field-of-view which 
was  larger than had originally been specified. After testing showed that the proximity of 
the structure caused false signals to be relayed to the non-scanninz sensor, the mounting 
brackets were altered to increase the distance between the sensor and baseplate by 9/16 inch. 

The IR scanning sensor was also mounted in a previously prepared area. However, certain 
revisions were necessary in order to provide electrical isolation of the sensor and the sat- 
ellite's baseplate. This isolation was achieved by installing a mylar sheet under the mount- 
ing pads, and by using flanged bushings of fiber glass and epoxy in the mounting holes. 

The board which housed the IR control circuit was mounted on top of the two command 
transmitters. The RF switch, which was added to provide the capability for transmitting 
IR data, was bolted directly to the satellite's baseplate, adjacent to the battery pack. 
Narrow- and wide-range temperature sensors, added to provide more complete data on the 
satellite's thermal profile, were mounted at various points on the components and the sat- 
ellite structure. 

Because of mounting a rea  limitations, the attitude control device presented the major inte- 
gration problem. It was finally decided that a 250-turn magnetic coil, wrapped around the 
periphery of the satellite's cover, would provide the most practical means of attitude con- 
trol. Accordingly, shallow channel sections of fiber glass and epoxy were mounted on the 
side panels at a point slightly above the satellite's baseplate, and 250 turns of No. 30 
lacquered aluminum were wound on these channels. 
terminal leads, which, in turn, were connected into the attitude control circuits. In ad- 
dition to the coil, two small bar magnets were attached to the satellite's understructure, 
parallel to the spin-axis. 

The ends of the coils were attached to 

Figure 40 is a cover-off view of the TIROS I1 satellite showing the major components and 
assemblies. 
of this report. 

The positioning of the attitude control coil can be seen on the Frontispiece 
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PART 2, SECTION Ill 

SECTION 111. GROUND STATION COMPONENTS 

A. INTRODUCTION 

Ground operations for the TIROS 11 Satellite System consisted, in general, of (1) tracking 
the satellite's position, (2) commanding the satellite's instrumentation to perform specific 
functions in a given order, and (3) receiving, storing, and processing data received from 
the satellite. These operations were performed and coordinated by a ground complex 
(diagrammed in Figure 41) which included* two primary Command and Data Acquisition 
(CDA) stations, one located in the Pacific Missile Range (PMR) and the other a t  Fort 
Monmouth, New Jersey; a secondary CDA station located at the RCA Space Center, near 
Princeton, New Jersey: and selected stations of the NASA Minitrack Network. In addition, 
a checkout (Go, No-Go) station, installed at Cape Canaveral, Florida, was  included in the 
ground complex for performing prelaunch checkout of the TIROS I1 satellites. 

The primary purposes of the CDA stations were a s  follows: 

1. To transmit radio signals to the satellite for programming its operation and 
data transmission 

2. To receive signals carrying the television, attitude, infra-red and telemetry 
data from the satellite 

3.  To extract the television, attitude, infra-red, and telemetry data from the 
ca r r i e r  signals 

4. To record the received data and to provide a means of identifying that data 

5 .  To relay the recorded attitude and telemetry data, along with station status 
reports, to the NASA TIROS Technical Control Center in Washington, D.C. 

The precision tracking capabilities of the selected stations of the Minitrack Network were 
used for accurately determining the satellite's orbital parameters. 

B. SUMMARY OF MODIFICATIONS MADE FOR TIROS II 
The following additions and changes were made to the TIROS I Primary CDA stations to 
prepare them for use in the TIROS I1 Satellite System: 

1. The two Ampex Model FR104 tape recorders were replaced with seven- 
channel, Ampex Model FRIOOA, tape recorders. 

*The ground complex included other facilities involved in the satellite command program 
and in data processing. However, the facilities mentioned here a r e  those that were in 
direct communication with the satellite. 
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Figure 41. TIROS I1 Ground Complex 

2. 

3. 

4. 

5. 

6,  

7. 

8. 

9. 

III-2 

The elapsed time counter-scanner was modified and renamed the digital time 
measuring device (DTMD). A second DTMD was added to the system for 
handling the infra-red channel 4 0-4) data. 

An IR buffer unit was added for processing channel 5 and channel 6 IR data to 
make the data acceptable for application to the DTMD. 

A government-furnished, quick-look demodulator was added for processing 
the non-scanning IR data. 

The attitude pulse selector was modified so that it would accept the attitude 
data, in analog form, while rejecting spurious pulses. 

Provisions were made for  rewrding the analog attitude data on the Sanborn 
chart recorder. 

A real time indicator was added to the display rack. 

The display rack's camera mount was modified to permit Polaroid and 35-mm 
pictures to be taken simultaneousIy. 

The master clock was modified, and a WWV Comparator and a precision 
frequency standard were added fn order to meet the timing accuracy required 
by the IR experiment. 
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10. 

11. 

12. 

13.  

14. 

A new command tone and new gating system were provided to produce an IR 
end-of -tape pulse. 

The F M  demodulator was  modified to  provide a greater immunity to transients, 

Modifications were made to the sun-pulse demodulator to decrease the noise 
level of the inputs to the sun angle computer. 

The sawtooth and deflection amplifier was modified so that it would (1) intro- 
duce blanking during horizontal sync pulses and (2) provide greater deflection 
linearity. 

The filtering circuits of the diversity combiners were modified to provide 
better "tracking" of rapid signal level variations. 

C. FUNCTIONAL DESCRIPTION 

The components of the CDA stations are divided into five functional groups; namely, the 
satellite command and control equipment, the data receiving components, the data proc- 
essing and display components, and the recording devices. 

The command and control equipment controlled the satellite functions by means of an 
amplitude-modulated command transmitter. Audio control tones, each tone representing 
a different command function, were used for  modulating the command transmitter. Three 
modes of operation were  provided for commanding the satellite; they were: manual-operate, 
manual-start, and automatic. In manual-operate, which was used only during test, all 
satellite commands were initiated manually. During manual-start operation, only the 
program sequences were started manually; once the sequence started, the commands 
within the sequence were  initiated automatically. In automatic operation, all sequences, 
and all commands within a sequence, were transmitted without manual intervention. 

The TV picture (and sun-angle data) receiving circuit consisted of two receivers that were 
connected in polarization diversity. to minimize signal fading due to satellite spin and 
attitude. The telemetry receiving circuits consisted of four receivers. Two of the re- 
ceivers were  tuned to  the upper telemetry frequency, and two were tuned to the lower 
telemetry frequency. The two receivers of each pair were connected in polarization 
diversity. Two receivers, connected in polarization diversity combination, were also 
used for  reception of the IR data. 

I Each TV picture received was displayed on a kinescope, mounted in the display unit. A 
panel, framing the kinescope, was  equipped with a clock that provided a real time indica- 
tion, and legends and numbers that were  illuminated to indicate the mode (direct camera 
or tape playback), camera source (1 or 2), frame number, sun angle, and orbit number 
for  each TV picture. Mode and camera source information was  derived from outputs of 
the command and control equipment. The frame number was generated by a binary 
counter, which was stepped by the vertical sync pulse of each TV picture received. The 
frame number, consisting of six binary bits, and the mode and camera source data, con- 
sisting of three binary bits, were stored in a shift register from which a serial  output and 
a parallel set of outputs were taken. The parallel output controlled read-out lamps which 
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were photographed along with the kinescope display; the serial  output keyed oscillators 
to record the camera source and frame information on magnetic tape. A parallel se t  of 
outputs comprising the binary-coded sun-angle data from the sun-angle computer were 
recorded on another channel of the magnetic tape. The orbit number was  displayed by 
means of manually-set, illuminated dials. A camera, mounted on the display unit, was 
used to photograph each picture displayed on the kinescope and the associated identifica- 
tion data. 

The recording devices used at the primary TIROS I1 ground stations were two Ampex 
Model FRlOOA, seven-channel, tape recorders and an Esterline Angus Model AW events 
recorder. The events recorder provided a real  time recording of the initiation of the 
various satellite commands and of other vital ground system operations. The tape re-  
corders recorded the TV pictures received from the satellite and the related identification 
information, as well as the IR data received from the satellite. Each recorder used one- 
half inch wide tape at  a recording speed of 60 inches-per-second. During the post-pass 
phases of operation, the recorders were played back at 3-3/4 inches-per-second to permit 
certain of the IR data to be recorded on punched tape. The tape recorders were remotely 
controlled by the command and control equipment to s tar t  automatically at the beginning of 
each ground-to-satellite contact. 

D. PHYSICAL CONFIGURATION 

The components of the TIROS I1 ground stations were mounted on roll-out assemblies and 
housed in vertical racks which had an overall height of 65-3/8 inches. Each roll-out 
assembly consisted of a front panel and two vertically mounted chassis; the vertical chassis 
were arranged so that the tubes faced inward and the wiring faced outward. This combina- 
tion of chassis mounting and roll-out slides facilitated maintenance and trouble-shooting. 
The vertical mounting of the chassis also provided a chimney effect which assisted materi- 
ally in cooling. 

The equipment racks at Fort Monmouth were mounted in the building that had housed the 
TIROS I equipment. The equipment at the PMR was  divided between two sites; namely 
San Nicolas Island and Point Mugu. The equipment located on San Nicolas included all the 
receiving, command, IR, attitude, telemetry, and data tape recording equipment, as well 
as a portion of the TV subsystem. The remainder of the TV subsystem was located at 
Point Mugu along with the facilities required for  photographic processing and meteorological 
interpretation of the TV film. 

E. SATELLITE COMMAND AND CONTROL EQUIPMENT 

1. General 
The satellite command and control equipment provided a reliable means for turning on the 
command transmitter, programming the antenna to follow the predicted path of the satellite, 
turning on the TV and data recorders, initiating the transmission of control tones to the 
satellite, and turning off the equipment at the end of a satellite-to-ground contact. 
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The componcnts of  lhc command and control equipment were contained in three racks. 
Racks 1 and 3 wcrc idcntical; cnch contained a full set of programming equipment. Rack 2 
contained the tillling equipment, program selector, and power control switches and relays. 

Basically, the equipiiicnt w a s  the same as that used in the TIROS I system; the primary 
differences included revisions to increase the accuracy of the timing circuits (necessitated 
by inclusion of the 111 experiment), to accommodate control of the satellite's attitude con- 
trol  coil, and to provide IR end-of-tape pulse. The changes a re  described in detail in the 
following subparagraphs.  

I 

2. Functional Operation 

Figures 42 and 43'arefunctional and detailed block diagrams, respectively, of the TTROS I1 
command and control equipment. 
programming circuits, one program selector, and one timing circuit. The timing circuit, 
consisting of the master clock, the WWV receiver, the WWVcomparator, and the frequency 
standard, w a s  common to both programming circuits. The positioning of switches and 
control relays on the program selector determined which programming circuit would be 
used for a specific satellite pass. 

Functionally, the equipment consisted of two separate 

The ground station components of the satellite command and control equipment provided 
for the selection of three modes of operation: automatic, manual-start, and manual-operate, 
Briefly, the system operation during these operational modes was as follows: 

a. Automatic. During automatic operation the program was setup in advance on 
the control equipment. Each program sequence started in response to an 
a la rm signal from the master clock and proceeded to its conclusion without 
the aid of an operator. 

b. Manual-Start. During manual-start operation, the program was also setup 
in advance. 
that pushbutton controls were used in place of the master clock for initiating 
the alarm signals. 

The only difference between manual-start and automatic was 

c. Manual-Operate. During manual-operate, a pre-setup program w a s  not used. 
Instead, the program sequences were initiated by means of pushbuttons which 
were also used to car ry  each sequence through to  completion. 

I 

The two separate programming circuits permitted two complete programs to be setup in 
advance. These programs could be setup for consecutive orbits or could be setup to pro- 
vide alternate programs for  the same orbit. The program sequences used in TIROS I1 
and the alarms which controlled these sequences are as follows: 

a. Direct Camera Sequence I .  
alarm number 1. 
were to be taken while the satellite w a s  in range of a ground station. When 
the Satellite was in the direct camera sequence, the pictures were transmitted 
directly to ground, bypassing the satellite's tape recorders. Either one of 
the satellite's TV cameras could be commanded to take pictures at either a 

Direct camera sequence I was controlled by 
This program sequence was used when the TV pictures 

5 This illustration i s  printed on a foldout page located at the rear of this Section. 
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b. 

C. 

10-second or  a 30-second interval. Picture taking commands could be 
alternated from one camera to the other at an interval of 30 seconds. The 
length of the sequence could be varied between 0.5 minute and 8.0 minutes 
in 0.5 minute increments. 

Playback and Clock-Set Sequence. The playback and clock-set sequence, 
initiated by alarm 2, included (a) commanding the satellite to  read-out 
pictures which had been recorded on the satellite's tape recorders since the 
last  ground-to-satellite contact, and (b) shortly after the s tar t  of playback, 
sending an IR end-of-tape pulse. Also during this sequence, set  pulses 
could be sent to the vehicle clocks and, a t  the conclusion of the set pulses, 
a start pulse (alarm number 3) could be sent to the clocks. 

Direct Camera Sequence 11. Whenever this sequence was  programmed, it 
followed directly after the playback sequence. In addition to  providing for 
the same program variations a s  direct camera sequence I, this sequence 
provided for the automatic transmission of a predetermined number of 
attitude control pulses. 

In addition to the functions listed for  each sequence, any of the program sequences could 
include the sending of manually initiated "fire spin-up rockets" commands, as well a s  
manually initiated commands for stepping and reading-out the position of the attitude con- 
trol switch. 

3. Timing Circui ts  

a. General 

The timing circuits, consisting of the master clock, WWV receiver, WWV comparator, 
and frequency standard, generated the alarm signals that initiated the various sequences of 
a program during automatic operation. Although the timing circuits developed for TIROS I 
performed within their design specifications and met the timing requirements of that system, 
the addition of the IR experiment in TIROS I1 resulted in the requirement for a timing pulse 
whose real time could be determined to within four milliseconds. Because of this more 
stringent requirement, the clock unit of the TIROS I master clock was replaced with a 
unit that provided digital readout, the WWV comparator was added to  the timing circuits, 
and a precision frequency standard was procured. 

The new clock unit, developed by General Time Corporation, was designed for use 
with the alarm unit of the master clock used in the TIROS I system. The clock unit em- 
ployed the same type of Burrough's decimal counters as were used in the remote picture 
time set unit. 

The Lavsrie LA-90 frequency standard, selected for use in the TIROS I1 timing 
9 circuits, provided a frequency stability of one part in 1 0  per  24 hour period. 

stability was attained by the use of a plano-convex crystal, operating in i ts  fifth overtone 
mode, which was  mounted in a crystal oven whose temperature was precisely controlled. 

This 
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The WWV comparator selected for use was a Hermes Model 222. The comparator 
permitted the timing system to be synchronized with WWV by means of a Beckman 905R 
WWV receiver and oscilloscope. 

The WWV comparator, WWV receiver, and frequency standard are described in 
their respective operating and instruction handbooks. 

b. Functional Description 

The l-kc output of the frequency standard (Figure 43) is applied through the phase- 
shift resolver in the WWV comparator to  the clock-unit of the master clock, The l-kc 
signal is squared by the pulse-former and then frequency divided by three cascade-con- 
nected counters. The resultant l-pps signal is applied: (1) to the %econds" counter-indicator; 
(2) through a pulse former to the attitude recorder; and (3) through a second pulse former 
to the 1.0-second comparator in the WWV comparator. 

The phase-shift resolver, controlled by a front panel dial, is used to  correct the 
setting of the master clock by imparting a phase-shift to  the l-kc signal and thus momen- 
tarily slowing-down o r  speeding-up the cascaded counters. The 1.0-second comparator 
permits detection of timing e r r o r s  of less than 1 second by allowing the l-pps signals to be 
compared in time with the WWV ticks. 

The "seconds, If "minutes, f 1  and ffhoursff counter-indicators employ Nixie readout 
t o  provide an instantaneous display of real time. The reset circuit resets the lfhoursff 
counter-indicator to 00 at the end of each 24 hour period. 

In  addition to the output which advances the divide-by-six counter, the initial stage 
of the "seconds" counter-indicator provides ,two other outputs ; namely, the count 8-9 
output and the count 5 output. All three outputs have a 6-ppm repetition rate.  

The count 8-9 output, a 2-second pulse that terminates when the counter returns to  
its tenth o r  zero position, is applied to  the relay driver and then to the alarm unit. The 
count 5 output, a l-second pulse that occurs 5-seconds after the corresponding co,unt 8-9 
pulse terminates, is applied to the IR time mark gate. The gate is inhibited until the start 
of playback; at that time, the gate allows one count 5 pulse to pass to  the control tone 
generator and thus initiate the IR end-of-tape pulse. The nature of the alarm unit and 
command programmer is such that the playback sequence starts upon termination of a 
specific count 8-9 pulse. Therefore, the IR end-of-tape pulse is always initiated exactly 
5-seconds after the start of the playback sequence. 

The alarm unit contains s ix  independent a larm circuits. Three of the circuits ( lA,  
2A, 3A) control the starting of the sequences of Program A; the other three circuits (lB, 
2B, 3B) control the starting of the Program B sequences. Each alarm circuit contains 
four alarm-time dials, used for  manually setting the desired alarm time in hours, minutes, 
and tens-of-seconds, and four associated stepping switches. The count 8-9 output, from 
the clock section of the master clock, cocbs the tens-of-seconds stepping switches during 
its period and causes them to advance upon its termination. Carry-over action from the 
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tens-of-seconds stepping switches causes subsequent stepping of the higher order switches. 
When the stepping switches of a particular alarm circuit have advanced to the "time" set 
on the alarm-time d i d s ,  the: circuit sends its alarm signal to the associated programmer. 

The alarms and the sequences they initiate are discussed in the functional description 

i of the satellite command and control equipment. The schematic diagram of the master 
clock and master cloclc alarm unit are shown in Figures 44"nd 45!respectively. 

4. Control-Tone Generator 

The discussion of the control tone generator involves classified information and is included, 
therefore, in the classified supplement to this Report. 

5. Remote Picture  Time Set 

The discussion of the remote picture time set  involves classified information and is included, 
therefore, in the classified supplement to this Report. 

6. Antenna Programmer 

The antenna programmer employed linear interpolation of ephemeris data to aim the track- 
ing antenna at the point where the satellite w a s  expected to come over the horizon, and also, 
in some instances, to cause the antenna to track the predicted path of the satellite. Use  of 
the antenna programmer ensured faster antenna lock-on by eliminating the need for horizon 
scanning at the beginning of each pass. In turn, faster lock-on prevented loss of data in 
cases where the satellite-to-ground contact was prematurely interrupted. 

The antenna programmers used in TIROS I1 were identical to those that had been developed 
for TIROS I. 
I1 of the TIROS I Final Report (Reference 1). 

The development, design, and operation of the unit are described in Volume 

7. Program Selector and Power Control Uni t  

The program selector and power control unit provided selection of either Program A or 
Program B for transmission to the satellite. In addition, the unit provided for control of 
filament and plate voltages to the two programmer circuits. The development, design, 
and operation of this unit are described in Volume I1 of the TIROS I Final Report (Ref- 
erence 1). 

8. Relay Power Supply 

The relay power supply generated the 24 volts required for energizing the relays in the 
ground station command and control equipment and provided for distribution of 115-volt, 
~O-CPS, a-c to these same components. The power supply is fused to provide protection 
for the load circuits. Design and development of the relay power supply was based on the 

0 This illustration is printed on a foldout page located at the rear of this Section. 
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use of standard circuits. The operation of the relay power supply is described in Volume 
I1 of the TIROS I Final Report (Reference 1). 

9.  Command Transmitter and Remote Control Panel  

The command transmitters, residual from TIROS 1, were  Collins Model 242F-2, 200-watt, 
amplitude-modulated, VHF transmitters. Two of these transmitters were located at each 
ground station; only one of the two transmitters could be used at any given time. The trans- 
mitters were operated remotely because it was required that they be located within 100 feet 
of the transmitting antenna to  avoid excessive power loss in the RF cabling. 

Switching of the antenna from one transmitter to the other was accomplished by the use of 
a remotely operated coaxial switch. A low-pass filter, installed at the output of the coaxial 
switch, reduced spurious radiation above the command frequency. The 4X-150B RF output 
amplifier tubes normally supplied with the transmitter were replaced with 4X-250B output 
tubes to ensure ample reserve power output and long tube life at an output power of 200 
watts. 

Each command transmitter was equipped with an RF detector that was used for alignment 
purposes. The output of the detector, d-c current, was indicative of the transmitter power 
output. The detector output also contained the detected command tones which were amplified 
and drove a loudspeaker in the transmitter control panel. The loudspeaker output permitted 
audio monitoring of the outgoing command tones. 

The. characteristics of these transmitters a r e  listed in the "Handbook of Maintenance In- 
struc tions for Collins 242 F-2 T ransmitte rlr (Ref e rence 3). 

The transmitter control panel was  identical to the unit developed for TIROS I. It provided 
the following 

a. Meter indications of percent RF power output from transmitter 

b. Audible indications that the transmitter was  being modulated 

c. Manual selection of transmitter A or  B 

d. Manual selection of channel 1 o r  2 (redundant transmitter crystals) 

e. Transmitter primary power "on-off" switch 

f .  Test button for test operation of transmitter 

10. Command Programmer 

a. General 

The TIROS I1 command programmer, a modified TIROS I command programmer, 
provided the means for setting-up and storing the desired satellite program. When an 
alarm signal w a s  received, the command programmer supplied related portions of this 
stored information to the control tone generator, antenna programmer, remote picture 
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time set ,  tape recorders, and command transrnittcr. Two command programmers were 
installcd at c:tcll CDA station. 

Thc basic design of the command programmer was established during the TIROS P 
project. This design permitted presetting of program sequences and provided for auto- 
matic read-out of these sequences at prcselected, electrically-computed times. The 
design of the programmer reduced the possibility of human e r ro r  by affording the oppor- 
tunity to check the preset programs and by minimizing the need for operator control during 
a satellite-to-ground contact. 

I 

Other design features included provisions for manually controlling the entire program, 
and for manually starting each of the program sequences. These features were not intended 
to be used under normal conditions; they were included to provide for control of the satellite 
before its path was accurately known and to provide a means of checking out the ground 
station equipment. 

Modifications made to the TIROS I command programmer to make it compatible with 
the TIROS 11 system included the addition of a n  IR enable circuit, the addition of a circuit 
fo r  controlling the number of attitude control pulses sent to the satellite, and a modification 
to the fire-spin-up-rockets control circuit. 

b. F u n c t i o n a l  Descr ipt ion 

The block diagram of the command programmer is shown in Figure 43, the detailed 
block diagram of the command and control equipment. The programmer has three separate 
channels; one channel for controlling direct camera sequence I, a second channel for con- 
trolling the playback sequence, and a third channel for controlling direct camera sequence 
11. The time to  be allotted for  each direct camera sequence is set-up by use of front panel 
selector switches. In addition, the time interval between picture taking commands is 
controlled by front panel selector switches. Another control permits selection of the 
camera to which the commands are to be sent. The programmer contains delay and con- 
trol  circuits to ensure that the satellite systems are warmed up before commands are sent 
to them. 

A program sequence can be initiated either automatically by alarm signals from the 
master clock or manually by use of front panel switches. Timing of the command pro- 

the master clock, can also be controlled either manually o r  by use of an internal 6-ppm 
clock generator. 

, grammer functions, normally controlled by 6-pulse-per-minute (ppm) timing inputs from 

The 6-ppm inputs f rom the master clock are applied to the start-relays in each of 
the three channels. When alarm 1 is received, the start-relay in the direct camera 
sequence I picks up and routes the 6-ppm inputs to the stepping switch of that channel. 
A d-c voltage, applied through the hold relay and closed contacts of the start-relay, 
causes that relay to lock-up. Each pulse advances the stepping switch one step. When 
the switch steps to the position corresponding to the setting of the front-panel time selector 
switch, the hold-relay opens momentarily and de-energizes the start-relay . This removes 
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the 6-ppm inputs from the switch and thus stops the stepping action. Normally, the time 
selector switch is set to a time interval which does not allow the stepping switch to  reach 
the time set  in before the playback sequence begins. When the playback sequence begins, 
the direct-camera-start relay is de-energized by a momentary opening of its hold circuit 
stopping direct camera sequence I. By stopping direct camera sequence I in response to  

mission of program data is eliminated. 
the initiation of the playback sequence, the possibility of overlaps and gaps in the trans- I 

During the time interval between the pick-up and drop-out of the start relay, an 
energizing voltage is applied through the picture interval selector and the camera selector 
to the associated oscillator, direct 1, or  direct 2, of the control tone generator and to the 
recording system. Also during this interval, a control voltage, sent to the program hold 
circuit, turns on and holds on the command transmitter, and an enabling signal is sent to  
the antenna programmer. 

The satellite TV cameras are commanded to take a picture by interrupting the con- 
trol voltage applied to the control tone generator. Interruption of the control voltage is 
accomplished by the picture interval selector. The selector provides two interruption 
rates: one rate provides for pictures to be taken at 10-second intervals; the other rate 
provides for  pictures to be taken at 30-second intervals. When the selector is set to the 
10-second position, it is connected to  every tap of the stepping switch; when set to the 30- 
second position, the selector is connected to  every third tap of the stepping switch. 

The alarm 2 input starts the playback sequence and stops direct camera sequence I. 
Operation of the playback sequence circuit is similar to operation of the direct camera 
circuit except that, since cameras are not being programmed, there is no picture interval 
selector. A second difference is that instead of providing control over the duration of the 
sequence, a program selector is included to control the sequence of tape playback. 

When the playback start relay energizes, a control voltage is applied through the 
playback stepping switch to  the IR enable circuit. In response to  this input, the enable 
circuit enables the IR time-mark gate of the master clock, allowing an IR end-of-tape 
pulse to  be sent t o  the satellite. Ten seconds after the s tar t  of playback, the 6-ppm 
stepping input causes the playback stepping switch to  advance and break the enabling cir- 
cuit. This action ensures that only one IR end-of-tape pulse is sent to  the satellite. 

Setting of the satellite clocks is also accomplished during the playback sequence. 
Clock set is initiated 10 seconds after the satellite has been set to  the playback mode. 
The clock-set time occurs at either one of two fixed intervals after alarm 2, depending 
on the programmed sequence. The start-clock command is initiated by alarm 3. Outputs 
of the "set clock" circuits consist of enabling and "set" signals which are applied to  the 
remote picture time set, and a "startf7 signal which activates the clock set oscillator in 
the control tone generator. 

Direct camera sequence 11, when called for,  is started at the conclusion of the play- 
back sequence by an output from the program selector. Operation of the sequence I1 cir- 
cuit is similar t o  the operation of the direct camera sequence I circuit. The only difference 
is that the sequence I1 circuit has provisions f o r  initiating the automatic transmission Of 
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attitude control pulses to the satellite. Automatic transmission of these pulses, when pro- 
grammed¶ commences two minutes and twenty seconds after the start of direct camera 
sequence 11. The number of pulses to be sent is determined by the setting of the attitude 
control selector switch. 

I 
I In addition to the functions listed, any one of the three program sequences can also 

include the manually initiated position-monitoring of the satellite-borne attitude control 
switch, the manually initiated transmission of the fire-spin-up-rockets command, and the 
manually initiated transmission of single attitude control pulses. Monitoring of the position 
of the satellite-borne attitude switch is achieved by setting the ground-station attitude con- 
trol  switch to one of its attitude positons and then holding the attitude control pushbutton 
depressed for slightly less  than six seconds. (Holding the pushbutton depressed for longer 
than six seconds causes the satellite's attitude switch to advance one position. ) 

Transmission of the fire-spin-up-rockets command is  achieved by setting the attitude 
control selector switch to  the spin-up position and depressing the spin-up fire pushbutton. 

The schematic diagram of the command programmer is shown in Figure 469 

11. Clock Set-Pulse Demodulator 
The clock set-pulse demodulator, used in conjunction with the back-up Berkeley counters, 
provided an accurate count of the %et" pulses sent to the satellite clocks. This unit re- 
ceived its input from the RF detector circuit of the command transmitter. Circuits within 
the demodulator separated the detected "clock-set" pulses from the remainder of the de- 
tected command tones and then applied these pulses to the Berkeley counter located in 
Rack 12. The development, design, and operation of the clock set-pulse demodulator are 
described in Volume I1 of the TIROS I Final Report (Reference 1). 

F. DATA RECEIVING COMPONENTS 

1. Introduction 
The data receiving components consisted of the TV receivers, the IR receivers, the beacon 
and telemetry receivers, and the TV and IR diversity combiners. Except for the diversity 
combiners, the equipments selected for  use as data receiving components were in either 
military o r  commercial use at the start of the TIROS contracts. The diversity combiners 
used in the TIROS II system were improved models of the TIROS I combiners; they pro- 
vided polarization diversity connection for the horizontal and vertical TV and IR receivers. 
Polarization diversity combination for the beacon and telemetry receivers was accomplished 
by interconnecting the AGC's of the vertical and horizontal receivers for each of the beacon 
f requenc ies . 

2. T V  and I R  Receiving Circuits 

The TV and IR receiving circuits consisted of two TV receivers, tuned to 235 Mc, two IR 
receivers, tuned to 237.8 Mc, two bandpass filters, and two diversity combiners. Figure 
47 is a block diagram of the TV and IR receiving circuits. 
5 This illustration i s  printed on a foldout page located at the rear of this Section. 111-1 3 
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The horizontally and vertically polarized outputs of the tracking antenna are applied 
through bandpass filters before being applied to their respective TV and IR receivers. 
The filters, used to prevent interference from the command transmitter, were residual 
from TIROS I. In order that they could be used to pass both the IR and the TV signals, 
the filters were peaked at 236.5 Mc. 
pattern. ) 

(Figure 48 shows a typical frequency response 

233 233 236 23r 2.0 

,m-O"CXC", MC 

Figure 48. Frequency Response of TV and IR Bandpass Filters 

The TV and the IR receivers, also residual from TIROS I, were either Nems-Clarke 
Model 1411 or  Nems-Clarke Model 1412. Although the Model 1412 receivers were con- 
sidered superior, they were not available in sufficient quantity on the procurement date; 
therefore, most of the receivers were Model 1411. 

The signal output and AGC voltage of the IR horizontal receiver and vertical receiver were 
applied to the same diversity combiner. Similarly, the outputs of the two TV receivers 
were applied to  a second diversity combiner. Each diversity combiner selected the 
stronger of its two signal inputs for application to the succeeding stages of the TV or IR 
receiving circuits. 
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3. Beacon and Telemetry Receivers 

The beacon and telemetry receiving circuits consisted of four R-390A receivers, two Tape- 
Tone frequency (108 to 14 Mc) converters, two multicouplers, and two F192/U, 108-Mc 
bandpass filters. All  of this  equipment was  residual from TIROS I. I 

Two of the R-390A transmitters were tuned to 14.00 Mc; the other two were tuned to 14.03 
One receiver of each frequency group was connected to a multicoupler which, in turn, 

1 
Mc. 
was connected to the horizontally polarized feed from the antenna system; the other re- 
ceiver and multicoupler of each group were connected to the vertically-polarized feed 
from the antenna system. The two receivers of each frequency group were connected 
together in polarization diversity combination. 

I 

The Tape-Tone converters, modified by the addition of crystal ovens, provided a frequency 
stability of 
mounted in vans, the telemetry signals were preamplified before leaving the antenna. A t  
Fort Monmouth, the Tape-Tone converters were mounted in the antenna pod a s  an integral 
unit which also contained the 108-Mc bandpass filters. The filters provided 40 db of 
attenuation to the command transmitter frequency while resulting in an insertion loss of 
only 1 db. The F192/U bandpass filters were used in this application instead of notch filters 
because of the availability of the F192/U as government-furnished equipment. 

0,001 percent. At PMR, since the Tape-Tone converters had to be rack- 

4. Diversi ty Combiner 

a. General  

Three diversity combiners (one for TV, one for  IR, and one spare) were employed 
in the TIROS I1 System. The diversity combiners were very similar to those used in 
TIROS I; the primary difference was that the TIROS I1 combiners employed four-stage, 
instead of single-stage, filtering networks. This change was made after it was  noted 
that the single-stage fi l ters used in the TIROS I combiners could not follow rapid varia- 
tions in signal level and that this inability had often resulted in noise bursts (approximately 
0.5 second in duration), which obscured picture detail. The new four-stage filters had 
time constants of only 40 milliseconds. This reduced time constant permitted the combiner 
to track each signal fade and thus lessened the possibility of noise bursts. 

A second change was  made to the combiners to permit the receiver AGC voltages to 
be recorded on the Ampex tape recorders. This change involved feeding the receiver 
AGC voltages through a 200K resistor to the 10K input resistor of each tape recorder. 
U s e  of this feed through technique permitted the recording of the AGC voltages while pre- 
venting the loading of the AGC circuits, 

b. F u n c t i o n a l  D e s c r i p t i o n  

The block diagram of the diversity combiner is shown in Figure 49. The combiner 
receives the video signal and corresponding AGC signal f rom each of its two associated 
(IR o r  TV) receivers. The video signals a r e  applied through an attenuator directly to the 
grids of the cathode-coupled combining tube. The signal on the combiner grids is limited 
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Figure 49. Diversity Combiner, Block Diagram 
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to  0.1 volt peak-to-peak to ensure minimum. distortion and to  reduce cross-modulation 
between the video subcarrier and the sun pulses. The AGC voltage inputs are applied 
through $-stage, low time constant, RC filters to d-c amplifier V3. After amplification, 
the voltages are applied to the grids of combiner V4. 

The combiner senses the level of the AGC voltages to determine whether one o r  both 
of the video signals should be applied to amplifier V5. In cases where the two video signals 
are within 2 db of one another, the AGC voltages are such that tube V4 will allow both video 
signals to be applied to amplifier V5. If the signals are not within 2 db, the corresponding 
difference in AGC levels results in the lower amplitude video being blocked by V4. Ampli- 
fier V 5  ensures unity again through the diversity combiner. 

The AGC balance control is included to permit balancing of the two outputs of V3 
when the inputs to  the receivers are equal. Figure 50 is the schematic diagram of the 
diversity combiner. 
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G. DATA PROCESSING AND DISPLAY COMPONENTS 

1. General 

The data processing and display components received and demodulated the TV transmission 
from the satellite, and recorded the resultant TV pictures on film and magnetic tape. 
These components also provided identification and orientation information (frame number, 
orbit number, satellite camera identification, picture taking sequence, real time, and sun 
angle) for  each picture. A playback system, included to facilitate meteorological interpre- 
tation of the pictures received from the satellite, permitted the generation of duplicate 
positives and negatives. 

I 

I 

t 

The TIROS I1 data processing and display components were similar to those used in 
TIROS I. The primary differences included the addition of a real time indicator, and 
modifications to: (1) the sawtooth and deflection amplifier to decrease 60-cycle hum and 
to provide blanking signals; (2) the TV-FM demodulator to improve its transient re- 
sponse; (3) the tape and computer control to improve its handling of inputs having low 
signal-to-noise ratios, and (4) the camera mount to allow 35-mm and Polaroid pictures 
to be taken simultaneously. 

2. Functional Description 

Figure 51 is the block diagram of the data processing and display components. The input 
signal is a composite of the frequency multiplexed TV subcarrier and the sun-pulse 
signals from the TV diversity combiner. The sun pulses a re  separated from the sub- 
carrier by means of a high pass and a low pass filter. The sun pulses are applied through 
the 10-kc low pass fi l ter  to  the tape recorder, and to  the tape and computer control where 
the 10-kc pulses are filtered and detected. The detected envelopes of these pulses are 
applied to the sun angle computer. The TV subcarrier is applied through the 18-kc high 
pass filter to the tape recorder and to the TV-FM demodulator. In addition to demodulat- 
ing the TV subcarrier,  the demodulator circuit serves as a vertical sync separator. The 
video output of the TV-FM demodulator is applied to the horizontal sync separator, a 
monitor scope, and the video amplifier of the display and video amplifier unit. 

The output of the horizontal sync separator and the vertical sync output of the TV-FM 
demodulator are applied to  the sawtooth and deflection unit. In turn, the sawtooth and 
deflection unit provides the vertical and horizontal deflection currents, and the blanking 
pulses for the kinescope. 

3. Display and Video Amplifier 

The display and video amplifier provided final amplification of the TV video and presented 
the associated TV picture on a display panel. The display panel included indicator lamps 
that were  illuminated by inputs f rom the other data processing and display components to 
provide picture identification data. In order to provide a photographic recording of 
each TV picture and its related identification information, a camera mount w a s  included 
as par t  of the display and video amplifier. The camera mount, government-furnished 
equipment f rom TIROS I, was modified so that 35-mm and Polaroid pictures could be taken 
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C A M C I A  COMTROL 

Figure 51. Data Processing and Display Components, Block Diagram 

simultaneously, and so that a real time indicator would be in the field of view of the 35-mm 
camera. 

Figure 52 shows the format of the TV pictures and the related identification data. The 
development, the design, and the operation of the display and video amplifier a r e  described 
in the TIROS I Final Report (Reference 1). 

4. Sawtooth and Deflection Amplifier 

a .  General 

The sawtooth and deflection amplifier supplied horizontal and vertical deflection 
waveforms, and horizontal and vertical blanking pulses to the kinescope of the display 
and video amplifier. 

Functionally, the unit was  divided into three circuits; namely, a horizontal sawtooth 
generator, a vertical sawtooth generator, and a blanking circuit. Except for the unblank- 
ing circuit, the unit is identical to the TIROS I sawtooth and deflection amplifier. The un- 
blanking feature was added to increase picture contrast and improve overall picture quality. 

Development and design of the sawtooth and deflection amplifier is described in the TIROS 
I Final Report (Reference 1). 
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Figure 52. Format of TV Pictures and Related Data 

b. Functional Description 

Figure 53 is a block diagram of the horizontal sawtooth generator and the unblanking 
circuit of the sawtooth generator and deflection amplifier unit. Except for RC time con- 
stants the vertical sawtooth generator is identical. The horizontal sync pulse inputs drive 
a one-shot multivibrator whose output pulse wiclth is set to the desired retrace time. The 
multivibrator output is coupled through a diode clamp and a disconnect diode to the summing 
point of the operational amplifier. Adjustment controls in the clamp and disconnect circuit 
provide for control of the retrace slope and also the sawtooth slope. The sawtooth slope 
determines the picture width. 

The d-c amplifier section of the operational amplifier drives two cathode followers. 
The horizontal limit control adjusts the upper and lower limits of the sawtooth waveforms 
and thus sets the width of the kinescope display. Sawtooth outputs are applied through the 
horizontal centering control to  the deflection amplifier section of the circuit. 

The sawtooth inputs to the deflection amplifier are applied through an isolation 
emitter follower to the push-pull amplifier which drives the yoke of the kinescope. 
inversion is obtained by amplifying the emitter feedback of one section of the push-pull 
amplifier and applying it to  the grid of the other section. Balance of the push-pull amplifier 
is controlled by adjustment of the horizontal balance potentiometer. 

Phase 
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1 Figure 53. Sawtooth and Deflection Amplifier, Block Diagram 

The diode "OR" gate of the blanking circuit receives the retrace pulses from the 
diode clamp and disconnect circuits of both the horizontal and the vertical sections of the 
unit. The outputs of the "ORff gate are applied through the isolation cathode follower to 
the kinescope circuit of the display and video amplifier. 

I 
The schematic diagram of the sawtooth generator and deflection amplifier is shown 

in Figure 54! 

5. Horizontal Sync Separator 

The horizontal sync separator provided synchronizing pulses to the horizontal sawtooth 
deflection circuitry. These pulses were  in phase and locked to the prospective video 
horizontal rate. The operation of the sync separator was unique because it provided these 
synchronizing pulses in response to  video signals which were  aperiodic in nature. That is, 
the horizontal rate or horizontal signal was non-coherent from frame to frame even though 
the frequency within each frame was the same. 

The development, design, and operation of the horizontal sync separator is describqa in 
Volume 11 of the TIROS I Final Report (Reference 1). 

5 This illustration i s  printed on a foldout page located at the reat of this Section. 
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6. TV-FA4 Demodulator 

a .  General  

The TV-FM dcmodulntor reccivctl tlic modulated video subcarrier, demodulated the 
subcarrier,  and providcd a stnblc low-impedance video output signal. In addition, this 
chassis provided the control of the recorder camera shutter and the vertical synchronizing 
pulses. A pulse counting type of demodulator was selected for use in TIROS because of its 
stability and because of the linear operating characteristics that it provided. This type 
of demodulator had been used successfully on commercial video tape recorders in which 
the relative frequency spectrum relationships of the video signal, car r ie r ,  and modulation 
components were the same as those found in TIROS. The TV-FM demodulator was divided 
into three sections; namely, the demodulator section, the camera shutter control, and the 
vertical synchronizing circuits. 

The TIROS I evaluation program revealed that the transient behavior of the TV-FM 
demodulator, with respect to noise and tape drop-outs, had resulted in more picture- 
quality interference than had been deemed ultimately necessary. Accordingly, design 
improvements were made in both the demodulator section and the vertical-sync section 
of the TIROS I1 TV-FM demodulator. 

Initial studies established the following basic requirements for the demodulator 
section of the TIROS I1 TV-FM demodulator: 

Infinite limiting. Since the demodulator section derived frequency informa- 
tion from the "zero crossings" of the input signal, it had to provide infinite 
limiting in order to ensure operation to the theoretical threshold. 
characteristics of the counter-type demodulator used in the TIROS system 
a r e  such that the input carrier-to-noise ratio must be greater than one in 
order for the unit to be above threshold.) 

Symmetrical limiting. Symmetrical limiting was required so that the 
spectrum of the pulses generated by the "zero crossings" would not fall with- 
in the information band and thus would not introduce noise into the demodulator 
output signal. 

(The 

Transient response. 
to be such that the limiting level, and consequently the limiting symmetry, 

The transient response of the demodulator section had 

would not be affected by rapid changes in the input level. In particular, the 
transient response had to be such that the limiting action would not be af- 
fected by the 20-db changes in input level which resulted from tape drop-outs. 

A review of the characteristics of the TIROS I TV-FM demodulator revealed that the 
limiting was only 10 db. This resulted in a corresponding 2 db reduction in the carr ier-  
to-noise threshold and a complete loss of signal (white spot) when a tape drop-out exceeded 
10 db. 
average of the signal, and that transients, such as tape drop-outs, caused the limiting level 
to change. In order to overcome this difficulty, additional amplifier stages and biased- 
diode shunt l imiters w e r e  added to the TIROS I1 circuitry. 
limiter circuits were chosen so that changes in voltage or  current level would have very 

The review also revealed that the limiting level, or position, did not remain at the 

The diodes used in the shunt- 
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little affect on the diode capacitance. Because of this selection of diodes, changes in 
limiting level due to changes in input level w e r e  eliminated. The overall effect of the 
additional amplifier stages and limiters w a s  to increase the limiting, from the TIROS I 
level of 10  db, to approximately 40 db. In addition to  the increase in limiting, the TIROS 
I1 circuitry provided linear phase response between 18 kc and 120 kc, and showed no 
apparent change in limiting level for  20-db step modulation of the input signal. 

I 

In order to prevent the generation of false vertical sync pulses, modifications were 
also made to  the TIROS 11 circuitry to improve its noise immunity. The vertical-synchro- 
nizing section of the TIROS I TV-FM demodulator developed vertical-sync pulses by 
envelope detection of the 70-kc to 100-kc band of the demodulator input. This method of 
developing the pulses would have been satisfactory if the signal input had had a low noise 
content and if there had been no tape drop-outs. However, since the noise power-density 
was often equal to  o r  greater than the signal power-density in the 70-kc to 100-kc band, 
vertical sync pulses were sometimes generated in response to noise inputs. 

The design modifications for the TIROS II circuitry was  based on the concept of 
deriving the vertical-sync pulses from the 250-pps horizontal-sync pulses. The modified 
circuitry included a narrow-band filter, which rejected all frequencies except the 100-kc 
horizontal-sync component of the input signal, and a stagger-tuned amplifier which was  
centered at  250 cps. Although noise inputs were expected to occasionally provide a power 
density at 100 kc that would be equivalent to  the horizontal-sync pulse, the repetition rate 
would not be 250 pps. Therefore, the extraneous 100-kc signals could not pass through 
the amplifier. 

The bandwidth of the stagger-tuned amplifier was such that only 3 lines of picture 
video would be lost before the amplifier output would have sufficient amplitude to trigger 
the vertical-sync pulse generator. By employing both the narrow-band filter and the 
stagger-tuned amplifier, the circuit was made immune to the noise inputs that, during 
TIROS I, had resulted in "false" vertical sync pulses. 

b. F u n c t i o n a l  Descr ip t ion  

The block diagram of the TV-FM demodulator is shown in Figure 55. The input 
I 

signal is an FM subcarrier whose frequency varies between 70 kc and 100 kc, and which 
has a modulating spectrum of from 0 kc to 62.5 kc. The duration of each FM input is two 
seconds, the time required for one TV picture. Timing for the camera shutter, vertical 
sync, and subcarrier indication signal is initiated when the FM signal is received. 

I The amplitude of the FM input signal is approximately 3 volts peak-to-peak. This 
signal is applied through interleaved clipper and amplifier stages to provide the required 
40 db of limiting. The output of the final clipper stage, a 1-volt peak-to-peak signal, is 
applied through the cathode-coupled limiter to the 1.25-microsecond shorted delay line. 
The output of the delay line, positive and negative 2.5-microsecond pulses whose pulse 
rate is directly proportional to the input frequency, is applied to the phase inverter. 
The equal-amplitude, opposite-polarity outputs of the phase inverter are applied to the 
full-wave plate detector. The output of the plate detector, is applied through the loss-pass 

I 
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Figure 55. TV-FM Demodulator, Block Diagram 

filter to the chopper-stabilized d-c amplifier. The filter, which has a flat response be- 
tween 0 and 62.5 kc, serves as an integrator to establish a video signal whose level 
changes at a rate corresponding to the modulation frequency. Feedback from the output 
cathode follower reduces the overall gain of the d-c amplifier to approximately 10. The 
video output of the unit is applied to the sawtooth generator and deflection amplifier. 

Relay K6 shorts the input to the d-c amplifier in the absence of the carrier to  pre- 
vent noise feed through. Direct video can be fed into the d-c amplifiers for test purposes. 
The d-c res torer  provides d-c restoration for the direct-video input. Relays K1 through 
K5 provide for  all necessary switching functions; these relays are operated from the 
monitor control panel. 

Timing of the camera shutter, and the vertical-sync and subcarrier indication pulses 
are provided when the FM input is received. The F M  input signal to  the vertical-sync cir-  
cuit is passed through the diode clipper and applied to the narrow-band filter which is 
tuned to 100 kc. The 100-kc horizontal-sync components of the F M  signal pass through 
the filter and are detected by the AM detector. The output of the detector, the envelope 
of the 250-pps horizontal-sync signals, is applied to the stagger-tuned amplifier. The 
output of the amplifier circuit is a 250-cps sinewave. This signal is amplitude detected 
and then applied to Schmitt-trigger circuit. Characteristics of the circuitry are such that 
after approximately 3 lines of the F M  input (three horizontal-sync pulses) have been re- 
ceived, the level of the detector output rises above the Schmitt-trigger threshold. 
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The output of the Schmitt-trigger is applied: (1) to the 2-second multivibrator; and 
(2) through the inhibit gate to the vertical-sync multivibrator and the subcarrier-indica- 
tion cathode follower. The 2-second, inhibit-pulse, output of the 2-second multivibrator 
ensures that only one output of the Schmitt-trigger circuit can be applied through the 
inhibit gate during any two-second interval. This action prevents false triggering of the 
Schmitt-trigger, which might be caused by momentary signal drop outs, from resulting in 
false vertical-sync pulses. 

The subcarrier-indication output is applied to the tape and computer control. The 
10-microsecond, negative-going, vertical-sync output is applied to the sawtooth generator 
and deflection amplifier. 

Figure 56§is the schematic diagram of the TV-FM demodulator. A detailed de- 
scription of circuit operation is given in Volume I1 of the TIROS I Final Report (Reference 
1). 

7. T a p e  and Computer Control 

a. General 

The tape and computer control detected the sun-angle tone bursts, shaped the envelope 
of the detected 'video subcarrier,  provided the source signals for frame identification, pro- 
vided a central control for the two tape recorders,  and provided the readout pulse for the 
sun-angle computer. Except for the sun-angle burst detector and the subcarrier envelope- 
shaping network, the design of the circuits within the tape and computer control was the 
same as for TIROS I and is described in the TIROS I Final Report (Reference 1). 

The redesign of the sun-angle tone detector was necessary to reduce the noise con- 
tent of the detected sun-angle output*. The basic approach in this redesign was  to pass 
the sun-pulse input through a narrow pass filter to remove the noise components. Since 
a narrow pass filter, centered at 10 kc, would require an extremely high Q, it was  decided 
to f i rs t  reduce the frequency of the sun-pulses to 1-kc by heterodyning them with the output 
of an 11-kc Colpitts oscillator. This reduction in frequency resulted in a corresponding 
decrease in the Q requirement of the filtering network. 

Initially the filtering network was  designed to  pass 1-kc k 25 cps; however, subse- 
quent system testing showed that the sun-pulse frequency occasionally drifted from these 
bounds. Accordingly, the filtering network was modified slightly (by changing the coupling 
capacitor) to  increase its bandwidth to 1OO'cps. Although this modification resulted in a 
slight shift in the fi l ter 's  center frequency, it was easily compensated for by adjusting the 
tuning coil of the Colpitts oscillator until the difference frequency of the heterodyning 
process was 980 cps instead of 1000 cps. Figure 57 shows a typical response for the 
filtering network. 

*An evaluation of TIROS I operations showed that noise pulse inputs to the sun-angle 
computer resulted in the misinterpretation of sun-pulse duration and sequence. This, 
in turn, resulted in erroneous sun-angle computations. 

5 This illustration is printed on a foldout page located at the rear of this Section. 
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i Figure 57. Tape and Computer Control, Filter Response 

The redesign of the subcarrier pulse circuit was made as a companion change to a 
modification which was made in the TV-FM demodulator. The combined effort of both 
changes was to reduce the noise content of the detected video subcarrier inputs to the sun- 
angle computer. The function of the tape and computer control in this modified system 
was to shape the detected subcarrier envelope and to provide a suitable output impedance 
for driving the sun-angle computer. A Schmitt-trigger was  selected for  the pulse shaper 
and a cathode follower was selected as the driving element. 

b. Functional Description 

Figure 58 is a block diagram 0.l the tape and computer control. Functionally, the 
unit is divided into five main sections; namely, the sun-angle burst detector, the sub- 
carrier-envelope shaper, the readout-pulse shaper, the direct and playback picture- 
source circuit, and the tape control circuits. 

The sun-angle burst detector receives a sun-angle input, consisting of short, me- 
dium, or  long 10-kc bursts in various combinations with each other, and delivers pulses, 
which have the durations as the burst inputs, to the sun-angle computer. Each sun-angle 
burst  input is applied through the noise clipping network, amplified, and applied to the 
diode mixer. Heterodyning takes place with the output of the 11-kc *l-kc Colpitts oscil- 
lator and the difference frequency (980 cps) is applied to the bandpass filter. The filter 
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greatly attenuates frequencies outside the 930 to 1030 cps range and thus eliminates most I 
of the noise components of the signal. Action of the narrow-band filter is such that it im- 
par ts  r ise  and decay times of approximately 10 milliseconds to the signals. 

The filter outputs a re  rectified, filtered, and amplified to produce pulses having the I 
I same duration as their corresponding 10-kc sun-angle bursts. These pulses are then ap- 

plied to the Schmitt-trigger circuit and result i n  negative-going pulses at the output of 
that stage. The threshold control determines at what points, on the 10-millisecond lead- 
ing and trailing edges of the detected pulses, the Schmitt-trigger will turn on and off. 
Nominally, when the amplitude of the accompanying noise is less than one-half of the sig- 
nal amplitude, the threshold control is adjusted so that the Schmitt-trigger turns on at the 
mid-point of the detected pulse. However, the setting can be raised during periods of 
heavy noise to prevent accidental triggering of the Schmitt circuit. The output pulses 
from the Schmitt-trigger are applied through a cathode follower to the sun-angle com- 
puter. 

Figure 59 shows the basic time relationships of the sun-angle burst inputs, the fiP- 
tered detected pulse, and the output of the tape and computer control. From this figure it 
can be noted that the rise and decay time imparted by the narrow-band filter causes a 
slight shift (nominally 5 milliseconds) in the time base of the detected sun-angle burst. 
This nominal shift causes an e r r o r  of less than one degree in the computed sun-angle and 
is normally considered negligible. However, since this e r ro r  is a constant, it can be 
easily compensated for when and if the sun-angle must be determined more accurately. 

The subcarrier shaper receives 2-second negative-going subcarrier pulses from 
the TV-FM demodulator. After amplification, the subcarrier pulses are applied to the 
Schmitt-trigger circuit. The Schmitt-trigger sharpens the leading and trailing edges of 
the 2-second pulses which are then fed through a biasing network to the cathode follower. 
The cathode of the cathode follower is connected to a dividing network which causes the 
output pulses to swing between a slightly positive level and approximately -10 volts. A 
zener network then limits the pulse swing between the required 0 and -8 volts. 
limited pulses are applied to the sun-angle computer. The low output impedance of the 
cathode follower ensures efficient driving of the computer input circuit. 

These 
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Figure 59. Tape and Computer Control Waveforms 
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The read-out pulse circuit receives one of two inputs; namely, a stop signal from 
the command programmer o r  a read-out gate signal from the sun-angle computer. The 
signal that is present is amplified and applied to the Schmitt-trigger circuit. The output 
of the Schmitt-trigger circuit, a negative trigger pulse, triggers the single-shot multi- 
vibrator to produce a positive-going, 10-microsecond pulse. This pulse is applied to the 
pulse driver which produces the read-out pulse for the sun-angle computer. The read-out 
pulse can also be produced by a vertical sync input from the TV-FM demodulator. This 
input is amplified and then applied to the pulse driver. 

The direct and playback circuit receives any one of the direct and playback signals, 
delays the input signal for 27 seconds, and then applies the signal to the sun-angle com- 
puter as a source signal. When either a "direct" or a "playback 1" signal is received, 
the signal is applied through OR gate 1 to relay K4. Twenty-seven seconds later, the re- 
lay energizes and applies the signal to the sun-angle computer. Similar action occurs 
when "direct 2" o r  "playback 2" is applied to OR gate 2. 

An output from either OR gate 1 o r  2 will pass through OR gate 3 and energize re- 
lays K7 and K12.  When relay K12 energizes, a RECORD indicator lamp lights; when re- 
lay K7 energizes, a start signal is sent to the tape recorders. 

The tape control circuit controls the start, stop, rewind, and playback functions of 
the tape recorders. Switch S1 can be used to start the recorders when a direct o r  play- 
back signal is not present. STOP, REWIND, and PLAYBACK switches are provided for 
manually controlling each of those functions. Figure 6d is the schematic diagram of the 
tape and computer control. 

8. Monitor Control 
The monitor control provided switches and relays for controlling the inputs of the data 
processing and display components, and for turning on and off the 32-volt power supply, 
the three 300-volt power supplies, the high voltage power supply, and the sun-angle com- 
puter power supply. This unit was identical to the monitor control employed in the TIROS I 
system. 

9. Sun-Angle Computer 

The sun-angle computer was designed to: 
(b) provide an index for each photograph; (c) provide a display of computed information 
for photographic recording and an indexing signal for recording on the instrumentation 
recorder; and (d) provide the display for  playback of data from the instrumentation re- 
corder and a means for selecting readout of single video frames. 
modification in the sun-angle computing circuit, which was aimed at increasing reliability 
through circuit simplification, the TIROS I1 unit was identical to the TIROS I sun-angle 
computer. 

(a) compute the sun-angle for each TV picture; 

Except for a slight 

5 This illustration is printed on a foldout page located at the rear of this Section. 
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The basic equation used €or computing the sun-angle was: 

0 = 40n - 40ta/tb 

where 

40n indicates which section of satellite is facing the sun 1 
t is the time interval between the start of the video subcarrier and the lead- 

ing edge of the first sun pulse a 

is the time interval between the leading edges of the first and second sun 
pulses and is equivalent to the time required for the satellite to rotate 40 
degrees 

tb 

Since the tb interval was directly related to the satellite's spin rate, and since the spin 
rate would remain nearly constant for a given orbit, it was concluded that the tb data 
could be fed into the computer as fixed data. To implement this, the tb counter circuitry 
of the TIROS I system was  replaced by a bank of twelve switches. Use of these switches 
permitted the tb time interval to be calculated in advance and set into the computer in 
binary form. 

The equation used for determining the tb time interval was: 

S 
9 

N = - (4000) = 4448 

where 

N is the tb interval which is to be set into the binary coded switches 

S is the satellite's spin rate 

Figure 61 is that portion of the sun-angle logic diagram which was affected by this change. 
A discussion of the development, design, and functional operation of the sun-angle com- 
puter, and the unchanged portion of the logic diagram is contained in Volume I1 of the 
TIROS I Final Report (Reference 1). A detailed analysis of circuit logic is presented in 
"Operating and Instruction Handbook, TIRCB I1 Meteorological Satellite System" (Refer - 
ence 4). 

10. Calibrator 

The calibrator unit generated a video test pattern and an 85-kc F M  subcarrier, which were 
used to test the television subsystem, and simulated sun-angle bursts, which were used to 
test the sun-angle computer. Functionally, the TIROS I1 calibrator was the same as the 
TIROS I unit. The functional diagram of the calibrator is shown in Figure 62! The dis- 
cussion of the design philosophy and the functional description given for the TIROS I Cali- 
brator in Volume I1 of the TIROS I Final Report (Reference 1) is also applicable to the 
TIROS II unit. 
§ This illustration is printed on a foldout page located at the rear of this Section. 
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I 

l 
11. Attitude Pu lse  Selector I 

I a. General 

The attitude pulse selector received the ''raw'' attitude signals from the Sanborn re- I , , corder,  selected and reformed the valid attitude pulses while blocking any spurious pulses, 
and applied the valid attitude pulses to the digital time measuring device (DTMD). 

Inclusion of the attitude pulse selector in the TIRQS I1 system was par t  of the gen- 
e ra l  redesign of the attitude indicator subsystem. The need for this redesign was indi- 
cated by an evaluation of TIRQS I attitude data which showed that the oversensitivity of the 
horizon sensor had resulted in spurious attitude pulses during the earth-portion of many 
scans. In order to overcome the effect of this oversensitivity, it was decided to transmit 
the attitude data in analog form* and to make selection of the valid pulses at the interro- 
gating ground station. 

The design of the attitude pulse selector was greatly influenced by the limited time 
schedule; component design was often determined by availability rather than by optimum 
design considerations. The selected design employed a variable length time gate which 
was initiated by each sky-earth transition, and which inhibited the output of the attitude 
pulse selector until approximately 50 milliseconds before the succeeding earth-sky transi- 
tion was expected. Since it was known that the ear th  period would vary, the circuit was 
designed so that the duration of the inhibit gate would automatically track any changes in 
the earth-period of the scan. 

In order to accommodate variations in ear th  period due either to changes in the 
satellite's attitude o r  to changes in the spin rate, the inhibit gate was made variable be- 
tween 0 . 5  second and 3.5 seconds. The lower limit of 0 .5  second was set after analysis 
indicated that the attitude data received for ear th  periods of less than 0 .5  second would 
loose its validity. (This loss of validity would be due to the increased rise times that are 
experienced as the field angle of approach to the surface of the earth gets smaller. ) 

Tracking action of the inhibit gate duration was accomplished by use of a bidirec- 
tional stepping motor which was coupled to the shaft of a servo-potentiometer through a 
friction clutch. For reasons of simplicity, a relay type servo was designed which length- 
ened or  shortened the inhibit gate by fixed amount each time that a set of sky-earth and 
earth-sky transitions was received. Although this type of circuit caused the inhibit gate 's  
duration to oscillate about the desired period rather than to lock precisely to it, the cir -  
cuit was considered adequate for the task. Also the use of this type circuit was justified 
in that the lack of "dead" zone permitted the use of simple logic. 

*The TIROS I attitude data was transmitted to the ground station in digital form, with se- 
lection of valid attitude pulses being made by a satellite-borne circuit. Whenever this 
circuit was accidentally triggered by a spurious attitude pulse (cloud transition) the cir- 
cuit would block the succeeding valid-attitude pulse (earth-sky o r  sky-earth transition). 
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The time change for  each step of the relay-type servo was  set at 15 milliseconds; 
this resulted in n sufficient tracking rate for the range of interest. This short time-step 
permitted the inhibit gate to be terminated near the leading edge of the earth-sky transi- 
tion while still insuring against the loss of track. 

b. Functional Description 

Figure 63$shows the block diagram of the attitude pulse selector. Inputs to the at- 
titude pulse selector are routed through the emitter follower to the two Schmitt-trigger 
circuits by the selector switch. Input bias adjust R83 controls d-c level at the emitter of 
the emitter follower and thus also affects the triggering level of the two Schmitt triggers. 

The sky-earth Schmitt circuit triggers only when a negative input is received and is, 
therefore, not affected by the earth-sky pulses, Conversely, the earth-sky circuit trig- 
gers  only when a positive input and is not affected by the sky-earth input. Level controls 
R2 and R6 regulate the sensitivity of the two Schmitt-trigger circuits. 

The output of the sky-earth Schmitt trigger is applied through one differentiator to 
inhibit gates 1 and 2, and through a second differentiator to the inhibit gate generating 
circuit. The output of the earth-sky Schmitt trigger is applied through a differentiator to 
inhibit gate 3 and through an amplifier to the inhibit gate generator. The sky-earth and 
earth-sky pulses are applied through their related output circuits to the output of the unit. 

The repression of spurious pulses is accomplished by means of the inhibit gate gen- 
erator.  The output of this circuit is applied to inhibit gates 1, 2, and 3 and blocks all out- 
puts during its existence. The inhibit gate is initiated by the sky-earth transition and is: 
(1) applied through an emitter follower to the inhibit gates; and (2) differentiated and ap- 
plied to the 50-millisecond one-shot multivibrator. If the earth-sky transition occurs be- 
fore the end of the 50-millisecond period, the earth-sky pulse is applied through AND gate 
1 and its associated emitter follower to the motor control. The effect is to decrease the 
inhibit gate 's  duration by 15 milliseconds. If the earth-sky transition occurs after the 
50-millisecond pulse terminates, the transition pulse is applied through inhibit gate 4 and 
its associated emitter follower to the motor control. The effect in  this case is to increase 
the duration of the inhibit gate by 15 milliseconds. By use of this logic loop the duration 
of the inhibit gate is made to oscillate (&15 milliseconds) about a point which is 50 milli- 
seconds less than the actual earth scan. 

12. Quick-Look Demodulator 

The quick-look demodulator and its peripheral equipment are government furnished. 
equipment, which was mounted in equipment rack 20, is illustrated in Figure 64. 

This 

The quick-look demodulator derives outputs, which are used to determine satellite atti- 
tude and spin rate, from the channel 4 IR data transmitted by the satellite. 
of the satell i te 's  attitude is made possible by the events output of the quick-look demodu- 
lator; the sun-pulse outputs from the unit are used for determining the satellite's spin 

5 This illustration is printed on a foldout page located at the rear of this Section. 

Determination 
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/ OSCILLOSCOPE 
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TAPE ERROR - COM PEN SATOR 

MIXER AND TIME 
c, SEPARATOR UNIT 

/D-C POWER SUPPLY 

Figure 64. Quick-Look Demodulator 
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rate. A 16.6-kc output from the unit is applied to the ground station tape recorders as a 
time reference. 

Reference 3 contains a detailed description of circuit operation as well as the calibration 
and checkout procedures for  the quick-look demodulator. 

13. Infra-Red Buffer 

a. Introduction 

The infra-red (IR) buffer accepted the signals from channels 5 and 6 of the instru- 
mentation tape recorder at the playback rate of 3-3/4 inches per second. Using these in- 
puts, the IR buffer generated signals that were suitable for driving the DTMD. 

The input signal characteristics and the output signal requirements for the IR buffer 
are listed in Reference 4. The channel 5 data consisted of a squarewave which had an ir- 
regular period and duty cycle, and relatively high hum and noise levels. Since the signif- 
icant information was embodied in the timing between the successive transitions (or events) 
of the squarewave, it was concluded that most of the extraneous disturbances could be 
eliminated by use of a Schmitt-trigger circuit. D-c level controls were included in the 
circuit to allow adjustment of the waveform level at which the Schmitt-trigger changed 
state. 

Two outputs, of opposite polarity, were taken from the channel 5 Schmitt-trigger 
circuit, to provide for the "trigger 'I output and "sense" output requirements. Standard 
differentiators and driving circuits were used to establish the pulse characteristics. In 
order to establish the correct time relationship of the "sense" and "trigger" outputs, a 
several millisecond delay circuit was added to the "sense" output circuit. 

A standard amplifier circuit was included in the IR buffer to process the 1032-cps 
timing signal before it was applied to the DTMD. Detection of "end-of-tape"pu1ses (mo- 
mentary drop-outs of the timing signal) was achieved by use of a full wave detector. A 
Schmitt-trigger circuit was used to sense any decrease in the output of the detector (sig- 
nifying a signal drop-out) and, in response, to generate the start/stop pulse required by 
the DTMD. 

b. Function01 Description 

A block diagram of the IR buffer is shown in Figure 65. The events input signal de- 
rived from playback of Channel 5 of the Ampex recorder is amplified and applied to the 
Schmitt-trigger circuit. The Schmitt-trigger outputs, squared waveshapes of both po- 
larites, are differentiated so that one or  the other polarity produces a positive pulse at 
each transition of the events signal. When the "signal" switch is in the "on" position, 
these positive pulses are applied through the OR gate to the output pulse driver to produce 
the trigger-output signal. 
going transition at the time of a "sky-earth'' event is delayed and differentiated. The re- 
sulting positive pulse is applied to the output stage which generates the sense-output pulse. 

The polarity of the Schmitt-trigger output that has a positive- 
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The time-input signal (approximately 1030 cps), derived from playback of channel 
G of the Ampex recorder, is amplified and applied to the phase-splitter circuit. 
puts of the phase-splitter are full-wave detected, and the resulting d-c is applied to the 
Schmitt-trigger circuit. An end-of-tape dropout in the time-input signal causes the 
Schmitt-trigger to return to the "off" state and thus to form the start/stop-output pulse. 

The out- 

When the "clock" switch is set to "on, " one of the phase-splitter outputs is applied 
through the output driver to the time output. 

The schematic diagram of the IR buffer is shown in Figure 66! For a detailed de- 
scription of circuit operation, refer  to 'lnstruction and Operating Handbook, TIROS I1 
Meteorological Satellite System" (Reference 4). 

14. Digi tal  Time-Measuring Device  

a. Introduction 

The addition of the IR subsystem to the TIROS I1 satellite established the requirement 
for "quick-look" demodulation of the channel 4 LR date (1-4) and for reduction of that data to 
a teletype punched tape format. The recovery of "quick-look" data at the CDA station was 
accomplished in two phases. The first phase involved demodulation of the 1-4 subcarrier, 
and the recording of the resultant ''events" signals and time-reference signals on the instru- 
mentation recorder.  The second phase of the recovery operation consisted of slow-speed 
playback of the tape recorder,  measurement of the time interval between the "events" sig- 
nals and the time-reference signals, and the conversion of these measurements to punched- 
tape format. 

The first phase of data recovery was performed by the quick-look demodulator which 
was supplied to RCA as government-furnished equipment. 
was similar to  the function performed by the elapsed time counter-scanner in reducing the 
TIROS I horizon-sensor (H-1) data. Because of the similarity in the two functions, it was 
decided to modify the existing elapsed time counter-scanners so that they could be used for 
handling both the H-1 data and the 1-4 data. After  these modifications were completed, the 
unit nomenclature was changed to "digital time-measuring device'' (DTMD) . 

The second phase of recovery 

Two DTMD's were installed at each CDA station (one for 1-4 data* and one for H-1 
data). In the event of a failure in one unit, the other unit could be used in both applications. 
Since punched-tape reduction of H-1 data had to occur immediately upon receipt of the input 
from the satellite, while the reduction of 1-4 data would not occur until between-pass play- 
back, this dual use of a single unit could be accomplished without the loss of either type of 
data. Thus the interchangeability of the two DTMD' s provided greater reliability for both 
functions. 

* In order to  make the 1-4 data compatible with the DTMD s input requirements, an IR 
buffer unit was included at each CDA station. Descriptions of the design, the develop- 
ment, and the operation of this unit a r e  contained elsewhere in this report. 

5 This illustration is printed on a foldout page located at the teat of this Section. 
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b. Descript ion of Modif ications 

The basic modifications and additions which were required to convert the TIROS I 
elapsed time counter-scanner into the TIROS I1 digital time-measuring device are as follows: 

A change in print-out format that would reduce the length of the hard copy by 
allowing several readings to  be printed on each line. 

An increase in operating speed so that, with four 1-4 "events" per spin period 
of the satellite, a playback speed-up ratio of 30 to 16, and a 15-rpm spin rate, 
a single-event readout would be achieved in less than 0.53 seconds. 

The inclusion of an extra character in each readout to provide "event" polarity 
and thus to facilitate the differentiation between sky-earth and earth-sky tran- 
sitions. 

The inclusion of an automatic start /stop circuit which would cause the DTMD 
to stop upon receipt of the 1-4 data 's  real-time reference (end-of-tape pulse) 
and thus provide a readout that would represent the time of occurrence of the 
reference. 

The reduction of hard-copy length was achieved by providing ten readouts per line as 
opposed to the one readout per line used in TIROS I .  This format was selected because it 
provided compatibility with NASA data-analysis computer programs, and because it pro- 
vided ease of implementation. Each of the first nine readouts consisted of four digits which 
were followed by either a space or a comma to  indicate event polarity. * In the tenth read- 
out of each line, the four basic digits and the space or comma were suffixed by "carriage 
return, "line feed, I' and "figures. I' 

This change in format was implemented as follows: 

(1) A separate input connector and three additional bi-stable multivibrators (flip- 
flops) were added to the DTMD to  accommodate event-polarity inputs. The 
presence of a pulse at the input connector initiated circuit operation that caused 
a comma to be punched in the corresponding readout. Conversely, the absence 
of a pulse at that point caused a space to be punched in the corresponding read- 
out. 

(2) An additional stage of the shift register was put into use to provide the time 
required to punch the additional character (space or  comma) that was used to 
signify event polarity. 

(3) An additional logic circuit was installed to  generate an "end-of-scan" immedi- 
ately following the space or comma of each of the first nine readouts of a line. 
This logic bypassed the "carriage-return'' and "line-feed'' by resetting the 

* A comma in a readout was used to indicate that the count was accumulated during a "sky" 
interval and was terminated by a sky-to-earth event. Conversely, a space was used to 
indicate that the count was accumulated during an "earth" interval and terminated by an 
earth-to-sky event. 
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shift register to  its initial state. The ''figures'' character was eliminated 
from the first nine readouts of each line by using the "end-of-scan" output 
pulse to reset the "figures" one-shot multivibrator before it could gatelhe 
outputs to the punch driving relays. 

(4) One of two divide-by-ten cards, which was eliminated from the punch timing 
circuit, was modified and used to  count the readouts on each line. On the 
tenth readout of a line, the divider circuit inhibited the "end-of-scan" (de- 
scribed in item 3) and thus allowed the shift register to complete its full 
cycle with "carriage-return, ' I  "line-feed, I' and "figures. I' 

The increased-speed requirement was satisfied by increasing the tape-punch rate 
from the TIROS I rate of 10 characters per second to  20 characters per second, the maxi- 
mum rate recommended by the manufacturer. This increased tape-punch rate provided a 
punch-out time of 0 .25  seconds for the first nine readouts of a line and of 0.40 seconds for 
the tenth readout. The implementation of this change in punch rate eliminated the need for 
the twb divide-by-10 cards that had formerly been used to reduce the 1-kc timing frequency 
to 10 cps. Also, since the input timing-signals for TLROS I1 were already approximately 
1-kc, the need for the divide-by-3 card that had been used for converting the 3-kc input 
signal of TIROS I into the 1-kc timing frequency was  eliminated. Instead, this card was 
used to convert the 60-cps line frequency to the 20-cps signal required for the new punch 
rate. 

The automatic starting and stopping capability was incorporated by changing the input 
connections to the two existing start /stop flip-flops. A s t a d s t o p  input connector was pro- 
vided s o  that successive input pulses would alternately set and reset the flip-flops. The ex- 
isting manual start/ stop switch was replaced by a three-position, center-off switch. Finally, 
an additional connection was made to one of the flip-flops to allow the sense input signal to 
also be gated on and off. 

C. Functional Description 

The logic diagram for the DTMD is shown in Figure 67: The DTMD receives as its 
input either the 1-4 data output of the IR buffer, or the attitude-, timing-, and sense-pulse 
outputs of the attitude pulse selector. When the DTMD is being used to reduce horizon- 
sensor data (receiving its input from the attitude-pulse selector), a I-kc master timing 
input must also be applied to the unit. When the unit is being used to reduce the 1-4 data, 
the 1030-cps channel of the 1-4 data serves as the master timing signal. 

I 

I 

The input pulses to the DTMD trigger its counters sequentially. Each counter is 

Since it is possible 
scanned and its contents a r e  punched out on paper tape through use of a Friden tape punch. 
The readout-time for  the tape punch is in the order of 0.3 seconds. 
to receive more than one input during this 0.3-second period, logic is  provided so that the 
information content of m y  counter may be stored until the punch has completed the preceding 
scan. This is accomplished through the use of three sets of counters, which are sequentially 
gated on by the input pulses. Scanning of the counters is also done sequentially. 
cuits are provided which prevent a second counter from being scanned until the scan of the 
preceding counter has been completed. 

Logic cir- 

5 This illustration is printed on a foldout page located at the rear of this Section. 111-41 
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Tape Recorder 
Recorder 
Channel 1 2 

1 Video Subcarrier Video Subcarrier 
2 Index Number Index Number 
3 Raw Sun Angle Data Computed Sun Angle 
4 Composite IR Composite IR 
5 IR Events Signal IR Events Signal 
6 16.5-kc IR Signal 16.5-kc IR Signal 
7 Summed T V  AGC Summed T V  AGC 
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Counting is accomplished by gating the 1-kc master timing signal, or the 1030-cps 
channel of the 1-4 data, into the appropriate counters. Each time that a data input pulse 
is received, the counter which had been in use is turned off and the master timing signals 
are applied to the next counter in the sequence. Thus the count stored within a counter, 
and hence the count which is read out, is  the time interval between two successive inputs. 

If an input is not received during a ten-second interval, an internal pulse is generated 
which causes the punch to  read out four zeros.  This readout indicates that a 10-second in- 
terval has passed and, at the same time, shifts the timing input to the next counter. U s e  of 
the technique permits real time to be accumulated on the paper tape. When data inputs are 
received at a 1-pps rate,  the output of the tape punch is one-second intervals punched on 
paper tape. This output is in the form of standard, 5-line, Baudot teletype code. 

The output format is such that four digits are printed, indicating time between pulses 
in milliseconds, followed by a space if the last pulse to enter the DTMD was either a timing 
pulse or an earth-sky transition, and a comma if the last pulse was a sky-earth transition. 
The sense output from the attitude pulse selector provides this information. Every tenth 
reading is followed by "carriage return,  and "figures" for purposes of read- 
out by a teleprinter. 

"line feed, 

Provision is made for preserving real time in the event that more than two pulse in- 
puts occur during the time required for a scan. In this instance all inputs are inhibited until 
the counters have been cleared sufficiently to accept one of the imprints. 

A detailed description of circuit logic is presented in "Instruction and Operating Hand- 
book, TIROS I1 Meteorological Satellite System" (Reference 4). * 
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A discussion of the reasons for  selecting the Ampex recorders for use in the TIROS 
Metcorological Sntcllite System is included to the TIROS I Final Report (Reference 1). 

1. EVENTS RECORDER 

1. General 

A 20-channel Esterline-Angus events recorder (Model AW) was installed in each of the 
TIROS I1 CDA stations. The recorders, which were government-furnished equipment 
(residual from TIROS I), provided on-off indications versus time on a paper chart. 
These on-off indications provided a direct, real-time record of the set-up of the command 
program for  use in checking equipment malfunctions o r  operator failures prior to a pass, 
and also provided a permanent record of the commands sent during an actual pass. 

The recorder was equipped with both manual and automatic s tar t  features. Manual start 
was  used during station troubleshooting and maintenance operations. Automatic start was 
used for normal operation of the equipment. 

2. Functional Description 

In automatic start ,  the chart is set under the pens to a one-minute interval mark. When 
alarm 1 i s  received by the command programmer, a s tar t  signal is applied to the recorder 
and s tar ts  the chart in motion. Real-time start  of the chart is, therefore, the alarm 1 
time of the particular pass. This real-time, along with a rubber stamped indication of 
various other functions such as  orbit number, i s  placed on the recording chart for 
permanent identification. The 20-channel events recorder provided on-off indications for 
the following components and program sequences : 

RECORDER 
CHANNEL 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

FUNCTION RECORDED 

Direct Camera 1 

Direct Camera 2 

Playback Camera 

Playback Camera 

Set Clocks 

Start Clocks 

IR Start 

IPP 10 seconds 

Direct Camera 1 

Direct Camera 2 

Playback Camera 

1 

2 
Program A 

Program B 
1 
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RECORDER 
CHANNEL 

12 

13 

14 

15 

16 

17 

18 

19 

20 

FUNCTION RECORDED 

Playback Camera 2 

Set Clocks 

Start Clocks 

Attitude Control 

Camera Shutter 

TV Receiver 1 

TV Receiver 2 

IR Receiver 1 

IR Receiver 2 
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SECTION IV. SATELLITE CHECKOUT EQUIPMENT 

A. INTRODUCTION 

The checkout equipment, commonly called the Go, No-Go equipment, w a s  essentially a 
ground station, with limited operational capabilities, used for checking out the TIROS 
satellites. This equipment, which was originally developed for TIROS I and then modified 
for use in the TIROS I1 project, was first utilized at Princeton for qualification testing of 
of the TIROS satellites. It was then transferred to the launch site at Cape Canaveral for 
operational checkout of the satellites during pre-launch and launch operations. Opera- 
tional checks were made on the satellites at a pre-launch facility in Hangar AA, the spin- 
balance building in Area 5, and Launch Pad 17A. Checkout at Hangar AA was performed 
via coaxial cable connections between the satellite and the Go, No-Go van. Checks made 
from Hangar AA, while the satellite was either in the Area 5 spin-balance building or on 
Launch Pad 17A, were performed via transmitting and receiving antennas. 

B. DEVELOPMENT AND DESIGN 

The preliminary design considerations and the initial design efforts involved in development 
of the Go, No-Go equipment a re  described in Volume I1 of the TIROS I Final Report (Ref- 
erence 1). The discussion here is limited to modifications and additions made to the equip- 
ment in preparing it for use in the TIROS I1 project. The purpose of these modifications 
and additions was : 

(1) To improve equipment performance; and 

42) TO accommodate the IR and attitude control functions which were included in 
the TIROS I1 satellite. 

The major modification made on the Go, No-Go equipment was the revision of the TV re- 
ceiving circuits. The TV system used in the TIROS I checkout equipment was developed 
for checking out the TIROS TV system during the earlier phases of TV-system develop- 
ment. Because of this, the Go, No-Go system lacked later refinements and therefore 
provided what was primarily a quantitative check of the TV picture subsystem, with lim- 
ited regard to picture quality. 

Af te r  launch of TIROS I, an evaluation of the checkout program indicated the desirability 
of obtaining T V  pictures which could be compared more favorably with the pictures re- 
corded at the CDA stations. Accordingly, the TV receiving system for the TIROS I1 Go, 
No-Go equipment was made very similar to the TV receiving systems of the CDA stations. 

IV-1 
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The primary difference was that the Go, No-Go system did not use polarization diversity 
combination. 1 

A second modification to the Go, No-Go equipment involved the command programmer. 
The TIROS I programmer, being of very simple design, permitted only one satellite clock 
to be set at a time. Since the orbiting satellite's clocks were often set  simultaneously, it 
was considered advisable that the TLROS I1 Go, No-Go be capable of sending %lock-set" 
pulses to both clocks a t  the same time. This modification was implemented by replacing 
the programmer's tone selector switch with an individual pushbutton control (and related 
circyitry) for each of the satellite-command tones. Inclusion of this capability permitted 
the satellite clocks to be set using programming which more closely paralleled actual sat- 
ellite programs. 

The modification to the programmer also involved the addition of two new command tones; 
one for commanding IR end-of-tape, and the other for activating the satellite's attitude 
control. 

A third modification to the Go, No-Go equipment was necessitated by inclusion of the IR 
function in the satellite. This modification eliminated one of the two 108-Mc antennas and 
added, in its place, a 240-Mc antenna for reception of the IR signal. 
108-Mc antenna provided a mounting area for the IR antenna. ) An analysis showed that the 
use of only one 108-Mc antenna system would result in a 3-db decrease in level of telemetry 
signals; however, this loss in level was considered acceptable since the level of the te- 
lemetry signal received during TIROS I checkout proved to be more than adequate. 

(Elimination of the 

Modifications to  the Go, No-Go equipment also included the addition of an Esterline-Angus 
events recorder and a second Nems-Clarke Model 1411 receiver. The Nems-Clarke re- 
ceiver was added to provide amplification of the IR carr ier .  The events recorder was 
included as part of the TIROS 11 Go, No-Go equipment to provide a permanent record of 
each satellite checkout program. 

C. FUNCTIONAL DESCRIPTION 
The operation of the Go, No-Go checkout equipment is divided into two phases; namely, the 
command transmitting phase, which consists of programming the satellite for its various 
modes of operation, and the receiving phase which consists of displaying the satellite's 
TV pictures on a kinescope, and of receiving and recording the IR and telemetry data. 
Figure 68%3 a block diagram of the TIROS II Go, No-Go checkout equipment. 

The satellite command signals consist of an RF carrier modulated by radio frequency tones. 
Satellite programming is accomplished by means of a manually controlled programmer. 
The audio tone, related to a desired command, is initiated by depressing the related 'Itone" 
pushbutton on the programmer front panel. The selected tone-output of the programmer is 

'Polarization diversity combination was employed at the CDA stations to minimize signal 

,§ This illustration i s  printed on a foldout page located at the rear of this Section. 
fading caused by the orbital spin rate of the satellite. 
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applied to  the command transmitter where it modulates the car r ie r  signal. The carr ier  
signal, whose frequency is crystal controlled, has a maximum power level of 3 watts. 

The Go, No-Go programmer provides for commanding the satellite to: 

(1) take pictures and transmit them directly to the ground station; 

(2) set and then s tar t  the clocks for remote picture taking sequences; 

(3) playback pictures which were taken during a remote sequence and then stored 
in the satellite's tape recorders; 

(4) control the satellite's attitude; 

(5) start playback of IR data; and 

(6) fire selected pairs of spin-up rockets. 

The receiving phase of Go, No-Go equipment operation is divided into three parts: teleme- 
try reception, TV reception, and IR reception. The telemetry information is received on 
two ca r r i e r s  (108.00 and 108.03 Mc), which a re  converted to 14.40  and 14.43 Mc, re- 
spectively. Separate receivers, fed by the same antenna and frequency converter, amplify 
and demodulate the 14.40 and 14.43  Mc signals. After demodulation, the telemetry data, 
in the form of a 1.3-kc - + 0.1-kc F M  subcarrier, is recorded on a two-channel Sanborn 
chart recorder. 

The video signal, an 85-kc + 15-kc FM subcarrier with modulation frequencies 
between 0 and 62.5 kc, is  transmitted from the satellite on a 235-Mc car r ie r .  The 
235-Mc car r ie r  is received via a 10-element Yagi antenna, amplified, and demodulated 
to obtain the 0 to 62.5-kc video signal. The picture that results from the video signal is 
displayed on a kinescope which is synchronized by the horizontal and vertical sync com- 
ponents of the signal. Photographs of the kinescope display a r e  taken using a Polaroid 
camera. Typical photographs a re  shown in Figure 69. 

Detailed operation of the Go, No-Go TV circuits is essentially the same as the operation 
of the TV systems in the CDA stations; the primary difference is that the Go, No-Go 
system does not employ polarization diversity combination. 
by a 10 element Yagi antenna. 
Nems-Clarke Model 1411 receiver. 
IR checkout equipment for evaluation. 

The IR data is also received 

The output of the receiver is applied to NASA operated 
The IR data and its 237.8-Mc car r ie r  is amplified by a 

D. OPERATIONAL CHECKS OF THE TIROS I SATELLITE AT THE LAUNCH SITE 

The following GO, No-Go checks were made to determine whether or not the satellite was 
functioning correctly. 

Command checks were made to determine the response made by the satellite to each 
command and to determine the time delay between the command and the response. 
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NARROW ANGLE CAMERA WIDE ANGLE CAMERA 

Figure 69. Satellite Checkout Equipment, Typical TV Subsystem Test Photographs of 
Test Pattern 

Telemetry checks were made by placing standard overlays over the recorded telemetry 
data. The overlay was marked off with tolerance limits for each of the 39 telemetry 
channels. 

Video checks were made to determine whether or  not the operation of the satellite cameras 
and tape recorders was satisfactory. A camera target was supplied by a collimated light, 
with an appropriate lens system, for the initial evaluation. This operation was performed 
before the satellite's protective shroud was put in place. After the protective shroud was 
in place, a light source of 1000 foot-lamberts was diffused directly into both camera lens. 
Photographs of the video display were made using a Polaroid camera; typical photographs 
are shown in Figure 70. 

The nine north-indicator signals were transmitted from the satellite on the 235-MC TV 
carrier in the form of 10-kc tone bursts. The north indicators were activated during check- 
out by means of a high-intensity light. The output from the 235-Mc receiver was displayed 
on an oscilloscope, and photographs of the 10-kc tone burst from each indicator were taken 
with a Polaroid camera. A typical set of photographs is shown in Figure 71. 
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NARROW ANGLE CAMERA WIDE ANGLE CAMERA 

Figure 70. Satellite Checkout Equipment, Typical TV Subsystem Test Photographs 

Figure 71. S tellite Ck 
Signals 

k ut Equipment, Typical Test Photographs of North-Indication 
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The horixoii scanner signal was transmitted on both 108-Mc telemetry car r ie rs  and dis- 
played on the Sanborn recorder. The horizon scanner was activated by a high intensity 
light during checkout. 

The satcllitc-borne attitude control switch was stepped to each of its various positions by 
means of a command tone from the Go, No-Go equipment. The operation of the switch was 
checked by making a voltage reading across the attitude coil while the switch was in each 
of its positions. Since each position of the attitude control switch results in a specific 
modulation of the telemetry subcarrier, the switch position could be determined by inter- 
pretation of the data recorded of the Sanborn chart recorder. 

Checkout of the Ln equipment was, €or the most part, accomplished by NASA representatives 
using government furnished equipment. The Go, No-Go equipment was used only for sending 
the 111 end-of-tape pulse and the playback command for the IR tape recorder, and for re- 
ceiving the 11% carrier.  

E. CHECKS MADE ON THE GO, NO-GO EQUIPMENT 

Performance checks were made on the checkout equipment prior to each interrogation of 
the satellite. Each performance check included the monitoring of the following: (1) the volt- 
age and current levels of the main power source and the individual power supplies; (2) the 
output frequency, and percent modulation of the command transmitter, and (3) the command 
frequencies and "clock-set" pulse outputs of the programmer. In addition to the performance 
checks, calibration runs were made on the Sanborn recorder and the TV system prior to 
each use of the checkout equipment. 

F. ANTENNAS AND RF PROPAGATION 

Four ten-element Yagi antennas (one for the 108-Mc band, one for the 140-Mc band, and 
two for the 240-Mc band) were employed in the TIROS 11 checkout equipment. These an- 
tennas had gains of approximately 1Odb. The 140-Mc band transmitting antenna was 
vertically polarized to accommodate the satellite's receiving antenna which was also 
vertically polarized when the satellite was in its launch position. 
tennas were horizontally polarized. This choice of polarization was made after tests 
showed that, with the satellite in the launch position, horizontally polarized receiving 
antennas provided better reception of the circularly polarized satellite transmissions than 
did vertically polarized antennas. 

The three receiving an- 

Go, N o 4 0  checks were made via R F  links both while the satellite was on the launchpad and 
while it was in the spin -balance facility. Although the spin-balance building was approxi- 
mately ten degrees out of the line-of-sight between Hangar AA (location of Go, NO-GO 
equipment) and the launch pad, the beam width of the, antennas was sufficiently wide to 
permit tests to be run at either location without repositioning the Go, No-Go antennas. 
However, since the spin-balance facility was a steel structure and was located behind a 
mound, it was necessary to provide external dipoles for the satellite's transmitting and 
receiving antennas whenever tests were made at that facility. 
mounted outside the building at a higher elevation than the mound. 

These external dipoles were 
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